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DESCRIPTION *159159*  BICYCLIC v,-AMINO ACID
DERIVATIVE Technical Field  [0001] The present
invention relates to a bicyclic y-amino acid
derivative or a pharmacologically acceptable salt
thereof.  Particularly, the present invention relates
to a compound  having activity as an a28 ligand and
affinity for voltage- dependent calcium channel
subunit a26, or a pharmacologically .acceptable salt
thereof. The present invention further  relates to a
pharmaceutical composition comprising the  compound or
the pharmacologically acceptable salt thereof as  an
active ingredient. Background Art  [0002] Compounds
that exhibit high-affinity binding to a
voltage-dependent calcium channel subunit a26 have
been shown  to be effective for. treating, for
example, neuropathic pain  (see e. g . , Non-Patent
Documents 1 and 2) . In this context,  neuropathic
pain refers to chronic pain caused by nervous  tissue
injury or the like and is a disease that significantly
impairs quality of life to the extent that patients
suffer  from depression due to severe pain attacks.
[0003] 1IIOO110VIIIVIIIVIII1101IIIIIft *cJOOO2* 2
Several types of a26 ligands are currently known as
therapeutic drugs for such neuropathic pain. Examples
of a?6  



ligands include gabapentine and pregabalin. a26
ligands such  as these compounds are useful for
treating epilepsy and neuropathic pain or the like
(e.g., Patent Document 1).  [0004] However, it has
been reported that, for example, for  gabapentine, its
efficacy in the treatment of postherpetic  neuralgia
is approximately 60% according to patients' own
evaluations (see e.g., Non-Patent Document 3) and that
for  pregabalin, its efficacy in the treatment of
painful diabetic  neuropathy is. approximately 50%
according to patients' own  evaluations (see e.g.,
Non-Patent Document 4). [0005]  Other compounds are
disclosed in, for example, Patent  Documents 2, 3, and
4. However, the compounds disclosed in  these Patent
Documents are, principally, bicyclic saturated
hydrocarbon compounds, which evidently differ from the
compounds of the present invention.  .[0006] Patent
Document 1: Pamphlet of WO 04/006836  Patent Document
2: Pamphlet of WO 99/21824  Patent Document 3:
Pamphlet of WO 01/28978  Patent Document 4: Pamphlet
of WO 02/085839 Non-Patent Document 1: J Biol. Chem.
271 (10): 5768-5776,  1996 Non-Patent Document 2: J
Med. Chem. 4=: 1838-18445, 1998  Non-Patent Document
3: Acta Neurol. Scand. 101:359-371, 2000 3  Non-Patent
Document 4: Drugs 64 (24): 2813-2820, 2004  Disclosure
of the Invention Problems to be Solved by the
Invention  [0007] Of great significance in treatment
will be to provide a  



compound having a greater therapeutic effect than that
of  compounds having activity as an a28 ligand
conventionally  used in the treatment. [0008]  Thus,
an object of the present invention is to provide a
bicyclic y-amino acid derivative having excellent
activity as  an a26 ligand, or a pharmacologically
acceptable salt thereof,  a pharmaceutical composition
having an excellent therapeutic  and/or preventive
effect on pain or disorders such as those  involving
the central nervous system, and an intermediate for
producing the same. Means for Solving the Problems
[0009] The present invention provides: (1) a compound
represented by the general formula (I) or a
pharmacologically acceptable salt thereof: [0010-i - 4
- 4 R' NHR6  R3 COOR7 (I)  8  R2 2 R. R8  wherein 1 2
2' C 5 6 7 E E' R, R R , R , R , R , R , R , and R are
each  independently a hydrogen atom, a halogen atom,
or a C1-C6  alkyl group, or R2 and R2' together with
the carbon atom to  which they are bound form a C3-C7
cycloalkyl group; and R3 is a hydrogen atom, a halogen
atom, a C1-C6 alkyl  group, a C1-C6 alkyl halide
group, a hydroxy-Cl-C6 alkyl  



group, a sulfanyl-Cl-C6 alkyl group, a C1-C6
alkoxy-C1-C6  alkyl group, a C2-C6 alkenyl group, a
C2-C6 alkynyl group, a C1-C6 alkoxy group, a C1-C6
alkylsulfanyl group, a C1-C6  alkylsulfanyl-C1-C6
alkyl group, a C2-C7 acylthio-Cl-C6 alkyl  group, a
C2-C7 acyloxy-C1-C6 alkyl group, or a C3-C7
cycloalkyl group. According to a preferred aspect, the
present invention  provides: [0011]  (2) the compound
according to (1) or a pharmacologically  acceptable
salt thereof, wherein R1 is a hydrogen atom;  (3) the
compound according to (1) or (2) or a
pharmacologically acceptable salt thereof, wherein
both R2  and R2, are hydrogen atoms; 5  (4) the
compound according to any one of (1) to (3) or a
pharmacologically acceptable salt thereof, wherein R3
is a  hydrogen atom or a C1-C6 alkyl group; (5) the
compound according to (4) or a pharmacologically
acceptable salt thereof, wherein R3 is a hydrogen
atom, a  methyl group, an ethyl group, a propyl group,
or a butyl  group; (6) the compound according to (5)
or a pharmacologically  acceptable salt thereof,
wherein R3 is.a hydrogen atom or an  ethyl group; (7)
the compound according to any one of (1) to (6) or a
pharmacologically acceptable salt thereof, wherein R4
is a  hydrogen atom; .(8) the compound according to
any one of (1) to (7) or a  pharmacologically
acceptable salt thereof, wherein R3 is a  hydrogen
atom; (9) the compound according to any one of (1) to
(8) or a  



pharmacologically acceptable salt thereof, wherein R6
is a  hydrogen atom; (10) the compound according to
any one of (1) to (9) or a  pharmacologically
acceptable salt thereof, wherein R7 is a  hydrogen
atom; (11) the compound according to any one of (1) to
(10) or a  pharmacologically acceptable salt thereof,
wherein both R8  and R8, are hydrogen atoms; (12) a
pharmacologically acceptable salt of a compound
according to any one of (1) to (11), wherein the 6 -
pharmacologically acceptable salt is hydrochloride,
benzenesulfonate, or p-toluenesulfonate; (13) a
compound represented by the general formula (!a) or a
pharmacologically acceptable salt thereof: [00121 R4
RS NBR6  R3 ,"" COOR' (Ia)  a 2 RI R R  R R  wherein
RR2, R2, R`, R5, R6, R7, R8, and R8, are each
independently a hydrogen atom, a halogen atom, or a
C1-C6  alkyl group, or R2 and R2together with the
carbon atom to  which they are bound form a C3-C7
cycloalkyl group; and R3 is a hydrogen atom, a halogen
atom, a C1-C6 alkyl  group, a C1-C6 alkyl halide
group, a hydroxy-C1-C6 alkyl  group, a sulfanyl-C1-C6
alkyl group, a 1-1-C6 alkoxy-C1-C6  alkyl group, a
C2-C6 alkenyl group, a C2-C6 alkynyl group, a 



C1-C6 alkoxy group, a C1-C6 alkylsulfanyl group, a
C1-C6  alkylsulfanyl-C1-06 alkyl group, a C2-C7
acylthio-C1-C6 alkyl  group, a C2-C7 acyloxy-C1-C6
alkyl group, or a C3-C7  cycloalkyl group; [00131
(14) a compound represented by the general formula
(Ib) or a  pharmacologically acceptable salt thereof:
- 7 - [0014] R R5 _ ,, NIA  R3 17cooR  2' = 1 g, R R 2
R R  where in 1 2 s, ', b, ', E, E R, R, RRRRRRand R
are each independently a hydrogen atom, a halogen
atom, or a C1-C6  alkyl group, or R2 and R2' together
with the carbon atom to  which they are bound form a
C3-C7 cycloalkyl group; and R3 is a hydrogen atom, a
halogen atom, a C1-C6 alkyl  group, a C1-C6 alkyl
halide group, a hydroxy-C1-C6 alkyl  group, a
sulfanyl-C1-C6 alkyl group, a C1-C6 alkoxy-C1-C6
alkyl group, a C2-C6 alkenyl group, a C2-C6 alkynyl
group, a C1-C6 alkoxy group, a C1-C6 alkylsulfanyl
group, a C1-C6  alkylsulfanyl-C1-C6 alkyl group, a
C2-C7 acylthio-C1-C6 alkyl  group, a C2-C7
acyloxy-Cl-C6 alkyl group, or a C3-C7  cycloalkyl
group; [0015]  (15) a compound represented by the
general formula (II) or a  pharmacologically
acceptable salt thereof: [0016] 



- g _  NH 2 3  R COON II  wherein R' is a hydrogen
atom, a halogen atom, a C1-C6 alkyl  group, a Cl-C6
alkyl halide group, a hydroxy-C1-C6 alkyl  group, a
sulfanyl-Cl-C6 alkyl group, a C1-C6 alkoxy-C1-C6
alkyl group, a C2-C6 alkenyl group, a C2-C6 alkynyl
group, a Cl-C6 alkoxy group, a C1-C6 a lkylsulfanyl
group, a C1-C6  alkylsulfanyl-C1-C6 alkyl group, a
C2-C7 acylthio-C1-C6 alkyl  group, a C2-C7
acyloxy-C1-C6 alkyl group, or a C3-C7  cycloalkyl
group; [0017]  (16) a compound selected from the group
consisting of the  following:
()-[(1S,5R,6R)-6-(aminomethyl)bicyclo[3.2.0]hept-3-en-
6- yl]acetic acid;
()-[(1S,5R,6R)-6-aminomethyl-3-methylbicyclo[3.2.0]hep
t-3- en-6-yl]acetic acid;
(=)-[(1S,5R,6R)-6-aminomethyl-3-ethylbicyclo[3.2.0]hep
t-3-en- 6-yl]acetic acid;
()-[(1S,5R,6R)-6-aminomethyi-3-propylbicyclo[3.2.0]hep
z-3- en-6-yl]acetic acid; (=) - [ (1S, 5R, 6R) -6-ami
nomethyl-3-butyl: icyclo [3.2.0 ] hept-3-en- 6-yl']
acetic acid;
[(1R,5S,6S)-6-(aminomethyl)bicycio[3.2.0]hept-3-en-6-
yl] acetic acid; 9 -
[(lS,5R,6R)-6-(aminomethy_)bicyclo[3.2.0]hept-3-en-6-
yl]acetic acid;
[(1S,5R,6R)-6-(aminomethyl)bicyclo[3.2.0]hept-3-en-6- 



yl]acetic acid hydrochloride; [ (lS, 5R, 6R) -6-
(aminomethyl) bicyclo [ 3.2.0 ] pep L-3-en-6-
yl]acetic acid benzenesulfonate;
[(1R,5S,6S)-6-aminomethyl-3-ethylbicyclo[3.2.0]hept-3-
ep-6- yl]acetic acid;
[(lR,5S,6S)-6-aminomethyl-3-ethylbicycio[3.2.0]hept-3-
en-6- yl]acetic acid p-toluenesulfonate;
[(lR,5S,6S)-6-(aminomethyl)-3-ethylbicyclo[3.2.0]hept-
3-er_-6- yl]acetic acid benzenesulfonate; and
[(1S,5R,6R)-6-aminomethyl-3-ethylbicyclo[3.2.0]hept-3-
en-6- yl]acetic acid; (17) a pharmaceutical
composition comprising a compound or a
pharmacologically acceptable salt thereof according to
any  one of (1) to (16) as an active ingredient; (18)
the pharmaceutical composition according to (17), for
treating and/or preventing pain; (19) the
pharmaceutical composition according to (17), for
treating and/or preventing a disease selected from the
group  consisting of acute pain, chronic pain, pain
caused by soft  tissue or peripheral injury,
postherpe-ic neuralgia, occipital neuralgia,
trigeminal neuralgia, myelomere or  intercostal
neuralgia, central pain, neuropathic pain,  migraine,
oain associated with osteoarthritis or articular
rheumatism, pain associates with contusion, sprain, or
-rauma,  spondylalgia, pain caused by spinal cord or
brain stem injury, 10  pain in the lower back, sciatic
neuralgia, toothache,  myofascial pain syndrome,
episiotomy pain, gouty pain, pain  caused by burn,
cardiac pain, muscular pain, ocular oain,
inflammatory pain, orofacial pain, abdominal pain,
pain  associated with dysmenorrhea, labor pain, or
endometriosis,  somatalgia, pain associated with nerve
or radicular injury,  



pain associated with amputation, tic douloureux,
neuroma, or  angiitis, pain caused by diabetic
neuropathy (or diabetic  peripheral neuropathic pain),
pain caused by chemotherapy- induced neuropathy,
atypical facial neuralgia, neuropathic  pain in the
lower back, trigeminal neuralgia, occipital
neuralgia, myelomere or intercostal neuralgia,
neuralgia  associated with HIV, neuralgia associated
with AIDS,  hyperalgesia, burning pain, sudden pain,
pain caused by  chemotherapy, occipital neuralgia,
psychogenic pain, pain  associated with gallstone,
neuropathic or non-neuropathic  pain associated with
cancer, phantom limb pain, functional  abdominal pain,
headache, acute or chronic tension headache,  sinus
headache, cluster headache, temporomandibular joint
pain, maxillary sinus pain, pain caused by ankylosing
spondylarthritis, postoperative pain, scar pain,
chronic non- neuropathic pain, fibromyalgia,
amyotropriic lateral sclerosis,  epilepsy
(particularly, partial epilepsy, adult partial
seizure, and partial seizure in epilepsy patients),
generalized anxiety disorder, and restless legs
syndrome; (20) the pharmaceutical composition
according to (17), for  treating and/or preventing
pain caused by diabetic  neuropathy; -11  (21) use of
a compound or a pharmacologically acceptable salt
thereof according to any one of (1) to (16) for
producing a  pharmaceutical composition; (22) the use
according to (21), wherein the pharmaceutical
composition is a composition for treating and/or
preventing  pain; (23) the use according to (21),
wherein the pharmaceutical  composition is a
composition for treating and/or preventing  pain
caused by diabetic neuropathy; 



(24) a method for treating and/or preventing pain,
comprising  administering a
pharmacologically-effective amount of a  compound or a
pharmacologically acceptable salt thereof  according
co any one of (1) to (16) to a mammal; (25) the method
according to (24), wherein the pain is pain  caused by
diabetic neuropathy; (26) the method according to
(24), or (25), wherein the mammal  is a human; and
[0018]  (27) a compound represented by the general
formula (III):  [0019] 4a Rsa NH2 R 3 a COON (III) 8a
R Rea Rla R8a'  R 2a wherein 12  Rla, R2a R2a' R4a,
R5a, RBa and RBa are each i ndeoendencly  a hydrogen
atom, a halogen atom, or a C1-C6 alkv- group, or  R2a
and R2a, together with the carbon atom to. which they
are  bound form a C3-C7 cycloalkyl group; and R3a is a
hydrogen atom, a halogen atom, a C1-C6 alkyl  group, a
C1-C6 alkyl halide group, a hydroxy-C1-C6 alkyl
group, a sulfanyl-C1-C6 alkyl group, a Cl-C6
alkoxy-Cl-C6  alkyl group, a C2-C6 alkenyl group, a
C2-C6 alkynyl group, a  Cl-C6 alkoxy group, a C1-C6
alkylsulfanyl group, a C1-C6  alkylsulfanyl-C1-C6
alkyl group, a C2-C7 acylthio-C1-C6 alkyl  group, a
C2-C7 acvloxy-C1-C6 alkyl group, or a C3-C7
cycloalkyl group. Advantages of the Invention  



[0020: The present invention can provide a bicyclic
y-amino  acid derivative having excellent activity as
an a25 ligand,  or a pharmacologically acceptable salt
thereof, a  pharmaceutical comuosition having an
excellent therapeutic  and/or preventive effect on
pain or disorders such as those  involving the central
nervous system, and an intermediate for  producing the
same. Best Mode for Carrying Out the Invention  [0021]
In the present specification, a "halogen atom" refers
to  a fluorine, chlorine, bromine, or iodine atom.
[0022; 13  In the present specification, a "C1-C6
alkyl group"  refers to a linear or branched alkyl
group having 1 to 6  carbon atoms and includes methyl,
ethyl, propyl, isopropyl,  butyl, isobutyl, sec-butyl,
tert-butyl, pentyl, isopentyl, 2- methylbutyl,
neopentyl, 1-ethylpropyl, hexyl, isohexyl, 4-
methylpentyl, 3-methylpentyl, 2-methylpentyl,
1-methylpentyl,  3,3-dimethylbutyl, 2,2-dimethylbutyl,
1,1-dimethylbutyl, 1,2- dimethylbutyl,
1,3-dimethylbutyl, 2,3-dimethylbutyl, and 2-
ethylbutyl groups. [00231  In the present
specification, a "C1-C6 alkyl halide  group" refers to
the "C1-C6 alkyl group" substituted by the  "halogen
atom" and includes trifluoromethyl, trichloromethyl,
difluoromethyl, dichloromethvl, dibromomethyl,
fluoromethyl,  2,2,2-trifluoroethyl,
2,2,2-trichloroethyl,2-bromoethyl, 2- chloroethyl,
2-fiuoroethyl, 2-iodoethyl, 3-chloropropyl, 4-
fluorobutyl, and 6-iodohexyl groups. [0024]  



In the present specification, a "hydroxy-Cl-C6 alkyl
group" refers to the "C1-C6 alkyl group" substituted
by a  hydroxyl group and includes hydroxymethyl,
2-hydroxyethyl, 3 hydroxypropyl, 4-hydroxybut_yl,
5-hydroxypentyl, 6- hydroxvhexyl, 1-hydroxyethyl, and
= hydroxvpropyl groups.  [00251 In the present
specification, a "sulfanyl-C1-C6 alkyl  group" refers
to the "C1-C6 alkyl group" substituted by a  sulfanyl
group and includes.mercaptomethyl, mercaptoethyl, 2 14
mercaptoethyl, mercaptopropyl., 2-mer.captopropyl, and
3- mercaptopropyl groups. [0026]  In the present
specification, a "C2-C6 alkenyl group"  refers to a
linear or branched alkenyl group having 2 to 6  carbon
atoms and includes vinyl, allyl, 1-propenyl,
isopropenyl, 1-butenyl, 2-butenyl, 3-butenyl,
2-methyl-1- propenyl, 2-methyla_lyl,
1-methyl-l-propenyl, 1-methylallyl,  1-pentenyl,
2-pentenyl, 3-pentenyl, 4-pentenyl, 3-methyl-1-
butenyl, 3-methyl-2-butenyl, 3-methyl-3-butenyl,
2-methyl-l- butenyl, 2-methyl-2-butenyl,
2-methyl-3-butenyl, 1-methyl-.,  butenyl,
1-methyl-2-butenyl, 1-methyl-3-butenyl, 1,1-
dimethylallyl, i,2-dimethyl-l-propenyl,
1,2-dimethyl-2- propenyl, 1-ethyl-1-propenyl, 1-ethyl
-2-propenyl, 1-hexenyl,  2-hexenyl, 3-hexenyl,
4-hexenyl, 5-hexenyl, 1,1-dimethyl-- butenyl,
i,1-dimethyl-2-butenyl, '1,i-dimethyl-3-butenyl, 3,3-
dimethyl-1-butenyl, 1-methyl-1-pentenyl,
1-methyl-2-pentenyl,  1-methyl-3-pentenyl, 1-methyl
-4-Dent enyl, 4-methyl-l-pentenyl,
4-_methyl-2-pentenyl, and 4-methyl-3-pentenyl groups.
[0027]  In the present specification, a "C2-C6 alkynyl
group"  refers to a linear or branched alkynyl group
having 2 to 6  



carbon atoms and includes ethynyl, 1-propynyl,
2-propynyl, 1- butynyl, 2-butynyl, 3-butyny'_,
_-methyl-2-propynyl, 1- pentynyl, 2-pentynyl,
3-pentynyl, 4-nentynyl, 3-methyl-1- butynyl,
2-methyl-3-butynyl, 1-methyl-2-butynyl, 1-methyl-3-
butynyl, 1,1-dime thyl-2-propynyl, 1-hexynyl,
2-hexyny-, 3- hexynyl, 4-hexynyl, and 5-hexynyl
groups. - 15 - [0028] In the present specification, a
"C1-C6 alkoxy group"  refers to the "C1-C6 alkyl
group" bound to an oxygen atom and  includes methoxy,
ethoxy, propoxy, isopropoxy, butoxy,  isobutoxy,
s-butoxy,.tern-butoxy, pentoxy, isopentoxy, 2-
methylbutoxy, neopentoxy, hexyloxy,
4-methyloentoxy,.3- methylpentoxy, and 2-methylpentoxy
groups. [0029]  In the present specification, a "C1-C6
alkylsulfanyl  group" refers to the "Cl-C6 alkyl
group" bound to a sulfur  atom and includes
methylsulfanyl, ethylsulfanyl,  prop_ylsulfanyl,
isopropylsulfanyl, butylsulfanyl,  isobutylsulfanyl,
sec-butylsulfanyl, tert-butylsulfanyl,
pentylsulfanyl, isopentylsulfanyl,
2-methylbutylsulfanyl,  neopentylsulfanyl,
1-ethylpropylsulfanyl, hexylsulfanyl,
isohexylsulfanyl, 4-methylpentylsulfanyl, 3-
methylpentylsulfanyl, 2-methylper_zylsulfany_, _-
methylpentylsulfanyl, 3,3-dimethylbutylsulfanyl, 2,2-
dimethylbutylsulfanyl, 1,1-dimethylbutylsulfanyl, 1,2-
dimethylbutylsulfanyl, 1,3-dimethylbutylsulfanyl, 2,3-
dimethylbutylsulfanyl, and 2-ethylbutylsulfanyl
groups.  [0030] In the present specification, a "C1-C6
alkoxy-C1-C6  alkyl group" refers to the "C1-C6 alkyl
group" substituted by  the "C1-C6 alkoxy group" and
includes methoxymethyl,  



ethoxymethyl, propoxymethyl, butoxymethyl,
3-methoxypropyl,  3-ethoxypropyl, 4-methoxybutyl,
5-methox_ypentyl, and 6- methoxyhexyl groups. 16 -
[0031] In the present specification, a "Cl-C6
alkylsulfanyl-C1- C6 alkyl group" refers to the "C1-C6
alkyl group" substituted  by the "C1-C6 alkylsulfanyl
group" and includes methylsulfanylmethyl, ethyl
sulfanylmethyl,  propylsulfanyimethyl,
isopropylsulfanylmethyl,  butylsulfanylmethyl,
isobutylsulfanylmethyl, sec- butylsulfanylmethy1,
tert-butylsulfanylmethyl,  pentylsulfanylmethyl,
isopentylsulfanylethyL, 2- methylbutylsulfanylethyl,
neopentylsuifanylethy 1- ethylpropylsulfanylethyl,
hexylsulfanylethyl,  isohexylsulfanylethyl,
4-methylpentylsulfanylethy7-, 3-
methylpenty1sulfanylethyl,
2-methylpentylsulfanyipropyl, 1-
methylpentylsulfanylpropyl,
3,3-dimethylbutylsulfanylpropyl,
2,2-dimethylbutylsulfanylpropyl, 1,1 dimethylbu
ylsulfanyipropyl, 1,2-dimethylbutylsulfanylpropyl,
1,3-dimethylbutylsulfanylpropyl, 2,3-
dimethylbutylsulfanylpropyl, and
2-ethylbutylsulfanylpropyl  groups. [0032]  In the
present specification, a "C2-C7 acylthie-C1-C6  alkyl
group" refers to the "C1-C6 alkyl group" substituted
by  a "C2-C7 acylthio group". The "C2-C7 acylthio
group" refers  to a "C2-C7 acyl group" bound to a
sulfur atom. The "C2-C7  acyl group" refers tc the
"C1-C6 alkyl group" pound to a  carbonyl group. [0033]
17  



The "C2-C7 acyl group" includes acetyl, propionyl,
butyryl, isobutyryl, sec-butyryl, tert-butyryl,
penranoyl,  isopentanoyl, 2-methylbutyryl,
neopentanoyl, 1-et' yloropicnyl,  hexanoyl,
4-methylpentanoyl, 3-methylpentanoyl, 2
methylpentanoyl, and 1-methylpentanoyl groups.  [0034]
The "C2-C7 acylthio group" includes acetylthio,
propionylthio, butyrylthio, isobutyrylthio,
sec-butyrylthio,  tert-butyrylthio, pentanoylthio,
isopentanoylthio, 2- methylbutyrylthio,
neopentanoylthio, 1-ethylpropionylthic,  hexanoylthio,
4-methylpentanoylthio, 3-methylpentanoylthio,
2-methylpentanoylthio, and 1-methylpentanoylthic
groups.  [0035] The "C2-C7 acylthio-C1-C6 alkyl group"
includes  acetylthiomethyl, 2-acetylrhioethyl,
3-acetylthiopropyl, 4- acetylthiobutyl,
propionylthiomethyl, 2-propionylthioethyl,  and
butyrylthiomethyl groups. [0036]  In the present
specification, a "C2-C7 acyloxy-Cl-C6  alkyl group"
refers to the "C1-C6 alkyl group" substituted by  a
"C2-C7 acyloxy group". The "C2-C7 acyloxy group"
refers to  the "C2-C7 acyl group" bound to an oxygen
atom. [0037]  The "C2-C7 acyloxy group" includes
acetyloxy,  propionyloxy, butyryloxy, isoburyryloxy,
sec-butyryloxy,  tert-butyryloxy, penranoyloxy,
isopentanoyloxy, 2- methylbutyryloxy, neopentanoyloxy,
1-ethylpropionyloxy, 18  hexanoyloxy,
4-methylpentanoyloxy, 3-methylpentanoyloxy, 2-
methylpentanoyloxy, and 1-methylpentanoyloxy groups.
[0038]  



The "C2-C7 acyloxy-C1-C6 alkyl group" includes
acetyloxymethyl, 2-acetyloxyethyl, 3-acetyloxypropyl,
4- acetyloxybutyl, propionyloxymethyl,
2-propionyloxvethyl, and  butyryloxymethyl groups.
[0039]  In the present specification, a "C3-C7
cycloalkyl group"  refers to a saturated cyclic
hydrocarbon group having 3 to 7  carbon atoms and
includes cyclopropyl, cyclobutyl,  cyclopentyl,
cyclohexvl, and cycloheptyl groups. [0040]  Since a
compound represented by the general formula (I),
.when having amino and/or carboxyl groups in the
structure, forms a salt through reaction with an acid
or a base, a  "pharmacologically acceptable salt"
refers to this salt.  [0041] Salts based on an amino
group include: hvdrohalides such  as hydrofhloride,
hydrochloride, hydrobromide, and  hydroiodide;
inorganic acid salts such as hydrochloride,  nitrate,
Perchlorate, sulfate, and phosphate; lower
alkanesulfonates such as methanesulfonate,.
tri=luoromethanes;:lfonate, and ethanesul fonate;
arylsulfonates such as benzenesulfonate and p-
toluenesulflonate; organic acid salts such as acetate,
malate,  fumarate, succinate, citrate, ascorbate,
tartrate, oxalate,  and maleate; and amino acid salts
such as glycine salt, 19  lysine salt, arginine salt,
ornithine salt, glutamate, and  aspartate. Inorganic
acid salts or arylsulfonates are  preferable, and
hydrochloride, benzenesulfonate, or p-
toluenesulfonate is more preferable. [0042]  . Salts
based on a carboxyl group include: alkali metal  



salts such as sodium salt, potassium salt, and lithium
salt;  alkaline-earth metal salts such as calcium salt
and magnesium  salt; metal salts such as aluminum salt
and iron salt;  inorganic salts such as ammonium salt;
amine salts, for  example, organic salts such as
--octylamine salt,  dibenzylamine salt, morpholine
salt, glucosamine salt,  phenylglycine alkyl ester
salt, ethylenediamine salt, N- methylgiucamine salt,
guanidine salt, diethylamine salt,  triethylamine
sale, dicyclohexylamine salt, N,N'-
dibenzylethylenediamine salt, chloroprocaine salt,
procaine  salt, diethanolamine salt,
N-benzylphenethylamine salt,  piperazine salt,
tetramethylammonium salt, and
tris(hydroxymethyl)aminomethane salt; and amino acid
salts  such as glycine salt, lysine salt, arginine
salt, ornithine  salt, glutamate, and aspartate.
[0043]  A compound represented by the general formula
(I), (Ia),  b), or (Tom), when left in the air or
recrystallized, may associate with adsorbed water
through water absorption to  form a hydrate. Such
hydrates are also encompassed by the  salt of the
present invention. [0044] - 20  The compound
represented by the general formula (I) or  (II) has an
asymmetric carbon atom in its molecule and  .therefore
includes optical isomers. All. these isomers and
mixtures of these isomers are represented by a single
formula,  i.e., the general formula (I) or (II). Thus.
the compound  represented by the general formula (I)
or (II) also  encompasses all such optical isomers and
mixtures of these  optical isomers at appropriate
ratios. [0045 



The compound represented by the general formula (I) is
preferably a compound represented by the general
formula (Ia)  or (Ib), more preferably, a compound
represented by the  general formula (Ib). In the
general formula (I), (Ia), or (Ib), R- is  preferably
a hydrogen atom. In the general formula (I), (!a), or
(Ib), R2 i, s  preferably a hydrogen atom. In the
general formula (I), (Ia), or (Ib), R2' is  preferably
a hydrogen atom. In the general formula (I) , (Ia) ,
(Ib) , or (II) , R3 is  preferably a hydrogen atom or
a Cl-C6 alkyl group, more  preferably a hydrogen atom,
a methyl group, an ethyl group, a  propyl group, or a
butyl group, even more preferably a  hydrogen atom or
an ethyl group. In the general formula ( I) , (Ia), or
(Ib), R` is  preferably a hydrogen atom. S In the
general formula (I), (Ia), or (Ib), R5 is  preferably
a hydrogen atom. 21 - [0046] In the general formula
(I), (Ia), or (Ib), R is  preferably a hydrogen atom.
In the general formula (I), (Ia), or (Ib), _R'7 J" s
preferably a hydrogen atom. In the general formula
(I), (!a), or (Ib), R8 is  preferably a hydrogen atom.
In the general formula (I) , (Ia), or (Ib) R8' is
preferably a hydrogen atom. In the general formula
(III), Rla is preferably a  hydrogen atom. 



In the ' general formula (ITT), Rea is preferably a
hydrogen atom. In the general formula (I=I), Rea is
preferably a  hydrogen atom. In the general formula
(III), R3a is preferably a  hydrogen atom or a C1-C6
alkyl group, more preferably a  hydrogen. atom, a
methyl group, an ethyl group, a propyl group,  or a
butyl group, even more preferably a hydrogen atom or
an  ethyl group. In the general formula (III), R4a is
preferably a  hydrogen atom. In the general formula
(III), Rya is preferably a  hydrogen atom. In the
general formula (II=), Ra is preferably a  hydrogen
atom. In the general formula (II=), Ra' is preferably
a  hydrogen atom. 22 - [0047] The compound represented
by the general formula (I) is  specifically
exemplified by compounds described in, for  example,
Table I below. However the present invention is not
limited to these. In the examples below, n-Pr
represents an n-propyl group  and i-Pr represents an
isopropyl group. [0048]  [Table 1] Rs NHR6  COOR7 (I)
R2 Rl 88,1 RR 8 R2 23  



No R1 R2 R2~ R3 R4  -H -H -H -H -H  2 -CH3 -H -H -H -H
3 -H -CH3 -H -H -H  4 P. -H -H I -CH3 -H  5 -H -H -L I
-H -CHs  6 -H -H - -H -H  7 .-H -H -H -H -H  8 -H -H
-d -CH2CH3 -H  9 -H -H -H -CH,CH2C2; - H  10 -H -H -H
-CH OH2OH2CH, - 11 -H -H -H -CH (CH3)2 I -H  12 -Y_ -H
-H -CH (CH3) CH2CH3 I -H  13 -H -H J -H -CH2(-'H (CH3)
2 -H  14 -H -H -CH2CH=CH3 -H  i5 -H -H -H -cvciopentyl
' -H  16 -H -H -H -CH,OC(O)CH3 -H  17 -H -H -H
-CH9OCH, -H  18 -H -H -H -CH2SCH3 -H  19 -H -H -H -CH3
I -CH3  20 -H -H -H CH2CH, I -H  21 -H -H -H -H -H  22
-H -H -H -H -H  23 -H -H -H -H -H  24 -H -H -H -H -H
23 -H - -H -H -H  26 -H -H -H -H -H  27 -H -H -H -H -H
28 -H -H -H I -H -L  29 -H -H -H -H -H  30 -H -H -H
-CH2CH2F -H  



31 -H -H -H -CH2CHF2 -H  32 -H -H -H -CH2CF3 -H  33 -H
-- -H -H  34 - -H -H -H -CH7CH3  35 -H -H -H -CH2CC H
-H 36 -H -H -H -CH2SC(0)CHI -H  37 -H -t -H -CH,SC (O)
CH2CH: ! -H  CycioDronane formed by  3,,R -H these
moieties together with the carbon atom -H. -H  bound
thereto Cyciobutane formed by  39 -H these moieties
together -H -H  with the carbon atom bound :.hereto 40
-F -H -H -H -H  41 -H -F -Y -H -H  42 -H -H - -H -F
43 -H -L -H -H -H  44 -H -H -H -CH2CH: -H  45 -H -H -H
-CH9CH3 -H 24  46 -H -H -H -CH2CH; -H  47. -H -H -H
-CH2CH3 -H  48 -H -H -H -CH2CH3 -H  4 9 -H -H -H
-CH2CH3 -H  50 -H -H -H -CH2CH: -H  5 i -H -H -H
-CH2CH3 -H  52 -H -H -H -H -H  No R5 H6 R' R6 Re' 



-H -H -H -H -H  2 -H -H -H -H -H  3 -H - -H -H -H  4
-H -H -H -H -H  5 -H -H -H -H -H  6 -CH: -F -H -H -H
7 -H -H -H -CH3 -H  8 -H -H -H -H -H  9 - -H -H -H -H
10 ! -H -H -i -H -H  1_ -H -F -- -H -H  12 -H -H -H -H
-H  13 -H -H -H -H -H  14 -H -H -H -H -H  15 -H -H -H
-H -H  16 -F -H -- -H -F  17 -H -H -H -H -H  18 -H -H
-H -H -H  19 -H -H -H -H -H  20 -H -H -C (CH,) -H -H
21 -H -CH: -H 22 -H -CH7CH: -H -H -H  23 -H -n-P= -H
-H -H  24 -H -i-Pr -H -H  25 -H -H -CH3 - ! -H  26 -H
-H -CH3CH3 -H -H  27 -H -H -r.-P_ -H -H  28 -H -H
-i-Pr -H -F  29 -H -' -H -CHI f -CH:  30 -H -H -H -H
-H  31 -H -H -H -H -H  



32 -H -H - H -H  33 -H -H -H -H -H  34 -H -H -H I -H
-H  35 -H -H -H -H -H  36 -H -H -H -H -H  37 -H -H -H
-H -H  38 -H -H -H -H -H  39 - - -H -H ! -H  40 - -H
-H -H -H  41 -- - : -- - -H  42 -F -H -H -H -F 25 -
Table 1 continued 43 - F -H -H -H -H  44 -H -CH3 -H -H
-H  45 -H -CH,CH, -H_ -H -H  46 -H 1 -n-Pr -H -H - 47
-H -i-Pr -H -H -H  48 -H -H -CH3 -H -H  49 -H -H
-CH2CH: -H -H  50 -H -H -n-Pr -H -H  51 -H -H -i-Pr -H
-H  52 -H -H -H -F -H  [0049] Among the exemplary
compounds, the compounds 1, 4, 8, 9,  and 10 are
preferred. [0050]  Of the compounds represented by the
general formula (I),  a compound wherein both R6 and
R' are hydrogen atoms is  produced by, for example, a
process A (step A-1, step A-2,  step A-3, optional
step A-4, and step A-5) or a process D  (step A-1,
step D-1, step D-2, optional step A-4, and step A- 



5). [0051]  On the other hand, of the compounds
represented by the  general formula (_), a compound
wherein both R6 and R' are  moieties other than a
hydrogen atom is produced through, for  example, a
step A-o, a step A-7, an optional step A-8, and a
step A-9 in this order following the step A-5. [0052]
[Processes A and D] 26 - R4 R 5 R4 R 5 0  R3 A-1 R_
COOP1  R'-' R R R' R8,Rs 2 R1 R8,Ra  (1) (2) R4 R 5 R4
s NO, R N  R H,  R 1 A-3 3 C  ,, COOP R OOP,  R2 R1 Rs
R s R- R, RB,R s (3) (5)  D-1 R4 R5 D-2 R COOP, R2 R,
R8~F-N  R2' (4)  R a R4 Rs  #,R,,-) NHP- NH2  



A-4 A-5 R- COOP, R- COON  R2 Rs Rs R R2 RI R 8-R8 (6)
(7)  R4 Rs R R; NHP3 NP3R6  A-6 R COOH _i R COOH  R'-
s R21 R2 RI R R R2 R1 Ra Rs  (8) (9)  R4 Rs R4 NP-R6 R
NHR6  A-8 A-9 R3 COOR7 R COOK'  R2 s R2 a  R2 R, R8 R
R' R, Rs R (10) (I) 27 - wherein R R`, R R 2 R9, Rs,
R6, R7, R8, and R8' are as  defined above; P1
represents a protective group for a  carboxyl group;
and P2 and P3 represent a protective group  for an
amino group. [00531  P1 is not particularly limited as
long as it is  generally used as a protective group
for carboxyl groups.  Examples thereof include methyl,
ethyl, propyl, isopropyl,  butyl, isobutyl, sec-butyl,
tert-butyl, hexyl, bromo-tert- butyl, trichloroethyl,
benzyl, p-nitrobenzyl, o-nitrobenzyl,
p-methoxybenzyl, p-tert-butylbenzyl, acetoxymeLhyl,
propionyloxymethyl, butyryloxymethyl,
isobutyryloxymethyl,  



valeryloxymethyl, pivaloyloxymethyl, acetoxyettyl,
acetoxypropyl, acetoxybutyl, propionyloxyethyl,
propionyloxypropyl, butyryloxyethyl,
isobutyryloxyethyl,  pivaloyloxyethyl,
hexanoyloxyethyl, isobutyryloxymethyl,
ethylbuty-yloxymethyl, dimethylbutyryloxymethyl,
pentanoyloxyethy_, methoxycarbonyloxymethyl,
ethoxycarbonyloxymethyl, propoxycarbonyloxymethyl,
tert- butoxycarbonyloxy_nethyl,
methoxycarbonyloxyethyl,  ethoxycarbonyloxyethyl,
isopropoxycarbonyloxyethyl, tert- butyldimethylsily,
imethylsilyl, methoxymethVl,  ethoxymethyl,
propoxymethyl, isopropoxymethyl, (2-
methylthio)-ethyl, 3-methyl-2-butenyl, 5-indanyl, and
3- phthalidyl groups. [00541  P2 and P' are not
particularly limited as long as they  are generally
used as protective groups for amino groups. 28
Examples thereof include formyl, phenylcarbonyl,
methoxycarbonyl, ethoxycarbonyl, phenyloxycarbonyl, 9-
fluorenylmethyloxycarbonyl, adamantyloxycarbonyl,
benzyloxycarbonyl., benzylcarbonyl, benzyl,
benzhydryl, trityl,  and phthaloyl groups. [0055]  Of
the various conditions for the production processes
of the compound represented by the general formula
(I), the  reaction time in each step differs depending
on the types of  starting compounds, secondary
materials, catalysts, reagents,  solvents, etc., used
in the step and is usually 1 to 48 hours,  preferably
1 to 24 hours. On the other hand, other  conditions
are described below in detail for each step. [00561
[Step A-1] 



The step A-1 is a step of producing a compound (2)
through alkenylation reaction from a compound (1).
Solvents used are not particularly limited as long as
they are solvents that do not. inhibit the reaction
and can  dissolve the starting material to some
extent. The solvents  include aromatic solvents, ether
solvents, ester solvents,  halogenated hydrocarbon
solvents, nit-rile solvents, amide  solvents, and
sulfoxide solvents. Ether solvents are  preferable,
and tetrahydrofuran is more preferable. Secondary
materials used include: Horner-Emmons  reagents;
alley= dialkylphosphonoacetates such as ethv-
diethylphosphonoacetate; phosphorus vlide.reagents;
and 29  phosphonium ylides such as
ethoxycarbonylmethylene  triphenyiphosphorane.
Reagents used are inorganic bases, alkali metal
alkoxides, organic bases, organic metal bases, and the
like.  Inorganic bases are preferable, and sodium
hydride is more  preferable. The reaction temperature
differs depending on the types.  of the starting
compound, the solvents, the secondary  materials, the
reagents, etc., and is usually 0 to 100C,  preferably
0C to room temperature. [0057]  After completion of
the reaction, the compound of  interest of the present
reaction is collected from the  reaction mixture
according to a standard method. For example, according
to need, excess reagents are degraded, and the
reaction is terminated. The reaction mixture is
appropriately neutralized. Moreover, insoluble matter,
if  any, is removed by Filtration. To the residue,
water and a  water-immiscible organic solvent such as
ethyl acetate are  



then added, and the organic layer containing the
compound of  interest is separated, then washed with
water or the like,  and then dried over anhydrous
magnesium sulfate, anhydrous  sodium sulfate,
anhydrous sodium bicarbonate, or the like.  Then, the
solvent is distilled off to obtain the compound of
interest. The obtained compound of interest is
separated and  purified by appropriately combining
standard methods  according -co need, for example,
usual methods routinely used  in the separation and
purification of organic compounds, such 30  as
recrystallization and reprecipita.tion, followed by
elution  with an appropriate eluent by use of
chromatography.  Moreover, in the subsequent
procedures, the compound of interest of each reaction
is usually collected from the  reaction mixture after
completion of the reaction in each  step in the same
way as in the aftertreatment of the step A-".  [0058]
[Step A-2] The step A-2 is a step of producing a
compound (3) from  the compound (2). Solvents used are
the same as those in the step A-l.  Ether solvents or
nitrile solvents are preferable, and  tetrahydrofuran
or acetonitrile is more preferable. Secondary
materials used include nitromethane. Reagents used
include the same as those in the step A_-l.  Organic
bases or organic metal bases are preferable, and
diazabicycloundecene or tetraalkyl ammonium halide is
more  preferable. The reaction temperature differs
depending on the types  of the starting compound, the
solvents, the secondary  materials, the reagents,
etc., and is usually 0 to 100C r  



preferably 0 to 60 [0059]  [Step A-3] The step A-3 is
a step of reducing the compound (3) to  produce a
compound (3). Solvents used are not particularly
limited as long as  they are solvents that do not
inhibit the reaction and can 31  dissolve the starting
material to some extent. The solvents  include alcohol
solvents, ester solvents, ether solvents, and  aqueous
solvents. Alcohol solvents and aqueous solvents are
preferable, and ethanol or water is more preferable.
Reagents used include radium-carbon, palladium
hydroxide-carbon, nickel chloride, tin chloride,
sodium  borohydride, iron powder, tin, zinc, and
hydrogen. Iron  powder or tin is preferable. The
reaction temperature differs depending on the types
of the starting compound, the solvents, the reagents,
etc.,  and is usually 0 to 100C, preferably 60 to 80C.
[0060]  [Step D-li The step D-1 is a step of producing
a compound (4) from  the compound (2). Solvents used
include the same as those in the step A-l,  alcohol
solvents, and aqueous solvents. Amide solvents are
preferable, and N,N-dimethylformamide is more
preferable. Reagents used include: cyanating agents;
and metal  cyanide reagents such as aluminum cyanide.
Cyanating agents  are preferable, and sodium cyanide
or potassium cyanide is  more preferable. The reaction
temperature differs depending on the types  of the
starting compound, the solvents, the reagents, etc.,  



and is usually 0 to 100C, preferably 60 to 80C. [0061]
[Step D-2] - 32  The step D-2 is a step of reducing
the compound (4) to  produce the compound (5).
Solvents used include the same as those in the step
D-1.  Alcohol solvents or ether solvents are
preferable, and  methanol or tetrahydrofuran is more
preferable. Catalysts used include transition metal
catalysts.  Nickel chloride or cobalt chloride is
preferable. . Reagents used include boron reagents.
Sodium  borohydride is preferable. The reaction
temperature differs depending on the types  of the
starting compound, the solvents, the catalysts, she
reagents, etc., and is usually 0 to 100C, preferably
0C to  room temperature. [0062]  [Step A-4] A step of
protecting the amino group of the compound (5)  (step
A-4) may optionally be performed to prepare a compound
(6) Solvents used include the same as those in the
step A-3- Alcohol solvents or aqueous solvents are
preferable, and  ethanol or water is more preferable.
Reagents used include di-tert-butyl dicarbonate,
chloroformate, acid halide, acid anhydride, sulfonyl
chloride,  inorganic bases, alkali metal alkoxides,
organic bases, and  organic metal bases. Di-tert-butyl
dicarbonate, inorganic  bases, or organic bases are
preferable, and di-test-butyl  dicarbonate, sodium
hydroxide, or triethylamine is more  preferable. 



- 33  The reaction temperature differs depending on
the types  .of the starting compound, the solvents,
the reagents, etc.,  and is usually 0 to 10.0C,
preferably 0C to room temperature.  [0063] [Step A-5]
The step A-5 is a step of producing a compound (7)
from  the compound (5) or (6) through deprotection of
the  protective group. Solvents used include the same
as those in the step A-3.  Ether solvents or ester
solvents are preferable, and dioxane  or ethyl acetate
is more preferable. Reagents used are inorganic acids,
inorganic bases, or  organic acids. Hydrochloric acid,
acetic acid, or  trifluoroacetic acid is more
preferable. The reaction temperature differs depending
on the types  of the starting compound, the solvents,
the secondary  materials, the reagents, etc., and is
usually 0 to 100C,  preferably 0C to room temperature.
[0064]  [Step A-6] The step A-6 is a step of
protecting the amino group of  the compound (7) to
produce a compound (8). Solvents used include the same
as those in the step A-3.  Alcohol solvents or aqueous
solvents are preferable, and  ethanol or water is more
preferable. Reagents used include the same as those in
the step A-4.  Di-tert-bu:.yl dicarbonate, inorganic
bases, or organic bases 34  are preferable, and
di-tert-butyl dicarbonate, sodium  hydroxide, or
triethylamine is more preferable. The reaction
temperature differs depending on the types  



of the starting compound, the solvents, the reagents,
etc.,  and is usually 0 to 100C, preferably 0C to room
temperature.  [0065] [Step A-7] The step A-7 is a step
of alkylating the compound (8) to  produce a compound
(9). Solvents used include the same as those in. the
step A-1.  Ether solvents are preferable. Secondary
materials used include alkyl halide. Reagents used
include the same as those in the step A-1.  Sodium
hydride is preferable. The reaction temperature
differs depending on the types  of the starting
compound, the solvents, the secondary  materials, the
reagents, etc., and is usually -78C to room
temperature, preferably 0C to room temperature.
[.0066]  [Step A-8] After the step A-7, the s=tep A-8
may optionally be  performed. The step A-8 is a step
of alkylating the compound  (9) to produce a compound
(10). Solvents used include the same as those in the
step A-l.  Ether solvents or amide solvents are
preferable. Secondary materials used include alkyl
halide. Reagents used include the same as those in the
step A-1.  Sodium carbonate or potassium carbonate is
preferable. 35  The reaction temperature differs
depending on the types  of the starting compound, the
solvents, the secondary  materials, the reagents,
etc., and is usually -78C to room  temperature,
preferably 0C to room temperature. [0067]  [Step P_-91



The step A-9 is a step of producing the compound
represented by the general formula (I) from the
compound (9)  through deprotection of the protective
group. Solvents used include the same as those in the
step A-3.  Ether solvents or ester solvents are
preferable, and dioxane  or ethyl acetate is more
preferable. Reagents used include the same as those in
the step A-4.  Hydrochloric acid, acetic acid, or.
trifluoroacetic acid is  preferable. The reaction
temperature differs depending on the types  of the
starting compound, the solvents, the secondary
materials, the reagents, etc., and is usually 0 to
100C,  preferably 0C to room temperature. [0068]  The
compound (1) obtained by the production processes  can
also be produced by, for example, a process B, C, or E
shown below. The process B consists of steps B-l, B-2,
B-3,  and B-4. The Process C consists of steps C-l,
B-3, and B-4.  [0069] [Processes B and Cl 36 - R' Rs
COOP, B-1 R R, R3 Rs 8 / B-2  COOP,  O R" Rz Rzt O
(11) (12)  R, R3 R4 C-1  R8 I -'Y  8" 2 Rz 



RO  (15)  R1 R3 R5 R1 R3 4 R5 Rg I R B-3 R8 R COOP,
COON  R Rz Rz OH Rg R' Rz OH (13) (14)  R4 R5 O  B-4
R3 Rz, R8  R2 R, R8  (1)  [0070] i 2 2' 3 4 5 6 7 8 8'
1 wherein R, R , R , R , R , R , R , R R , R and are
as  defined above. [0071]  [Step B-i] The step B-1 is
a step of producing a compound (12) from  a compound
(11) through substitution reaction. Solvents used
include the same as those in the step A-l.  Ether
solvents are preferable. 37  Secondary materials used
include allyl halide and crotyl halide. Allyl bromide
or crotyl chloride is preferable.  Reagents used
include the same as those in the step A-l.  Sodium
hydride or butyllithium is preferable. The reaction
temperature differs depending on the types  of the
starting compound, the solvents, the secondary  



materials, the reagents, etc., and is usually -78C to
room  temperature, preferably 0C to room temperature.
[0072]  [Step B-2] The step B-2 is a step of producing
a compound (13) from  the compound (12) through
reduction reaction. Solvents used include the same as
those in the step A-1,  alcohol solvents, and aqueous
solvents. Ether solvents,  alcohol solvents, or mixed
solvents thereof are preferable,  and
tetrahydrofuran-methanol is more preferable. Reagents
used include borohydride reagents. Sodium  borohydride
is preferable. The reaction temperature differs
depending on the types  of the starting compound, the
solvents, the reagents, etc.,  and is usually C to
100C, preferably CC to room temperature.  [0073] [Step
C-1] The step C-1 is a step of producing the compound
(13)  from a compound (15) through coupling reaction.
Solvents used include the same as those in the step
A-1  and boric acid derivatives. Ether solvents or
boric acid 38  derivatives are preferable, and
tetrahydrofuran, dimethyl  ether, or trimethyl borate
is more preferable. Secondary materials used include
alkyl a-halogenoaceta`L-e.  Alkyl bromoacetate is
preferable, and methyl bromoacetate,  ethyl
bromoacetate, or tert-butyl bromoacetate is more
preferable. Reagents used include zinc. The reaction
temperature differs depending on the types  of the
starting compound, the solvents, the secondary
materials, the reagents, etc., and is usually 0 to
100C,  



preferably 60 to 80C. [0.074]  [Step B-3] The step B-3
is a step of hydrolyzing the compound (13)  to produce
a compound (14). Solvents used are not particularly
limited as long as  they are solvents that do not
inhibit the reaction and can  dissolve the starting
material to some extent. The solvents  include
aromatic solvents, ether solvents, halogenated
hydrocarbon solvents, nitrile solvents, amide
solvents,  sulfoxide solven-s, alcohol solvents, and
aqueous solvents.  Alcohol solvents, aqueous solvents,
or mixed solvents thereof  are preferable, and
methanol-water is more preferable. Reagents used
include inorganic bases. Potassium  hydroxide, sodium
hydroxide, or lithium hydroxide is  preferable. 39
.The reaction temperature differs depending on the
types  of the starting compound, the solvents, the
reagents, etc.,  and is usually 0 to 100C, preferably
0C to room, temperature.  [0075,1 [Step B-41 The step
B-4 is a step of cyclizing the compound (14)  through
alkali treatment to produce the compound (1).
Solvents used are not particularly limited as long as
they are solvents that do not inhibit the reaction and
can  dissolve the starting material to some extent.
The solvents  include aromatic solvents, ether
solvents, halogenated  hydrocarbon solvents, nitrile
solvents, acids, and acid  anhydrides. Acids or acid
anhydrides are preferable, and  acetic acid or acetic
anhydride is more preferable. Reagents used include
alkali metal salts. Potassium  



acetate is preferable. The reaction temperature
differs depending on the types  of the starting
compound, the solvents, the reagents, etc.,  and is
usually 0 to 150C, preferably room temperature to
140C. [0076]  [Process E] 40  R1 R3 R3 E-I R1 R3 R5  s
R COON R8 COCI  z R8, R R- R4 s, R2 R' 4  (16) (17)
R4 R5 E-2 / 4 R8  R3  Rz R2 R1 Rg, (1)  wherein R1,
R2, R2 , R?, R5, R', R6, R7, Rs, and RE are as
defined above. [0077]  [Step E-1] The step E-1 is a
step of producing a compound (17) from  a compound
(16). Solvents used include the same as those in the
step A-1  and hydrocarbon solvents. Aromatic solvents,
halogenated  hydrocarbon solvents, or hydrocarbon
solvents are preferable,  and toluene is more
preferable. Reagents used include oxalyl chloride and
thionyl  chloride. Oxalyl chloride is preferable. The
reaction temperature differs depending on the types  



of the starting compound, the solvents, the reagents,
etc.,  and is usually 0 to 150C, preferably room
temperature to  120C. [0078 41 - [Step-2] The step E-2
is a step of producing the compound (1)  .from the
compound (17). Solvents used include the same as those
in the step E-1.  Aromatic solvents, halogenated
hydrocarbon solvents, or  hydrocarbon solvents are
preferable, and toluene is more  preferable. Reagents
used include organic bases. Triethylamine is
preferable. The reaction temperature differs depending
on the types  of the starting compound, the solvents,
the reagents, etc.,  and is usually 0 to 150C,
preferably room temperature to  120C. [0079]  The
compound represented by the general formula (II) can
be produced in the same way as in the compound
represented by  the general formula (I) [0080]  The
compound represented by the general formula (Ia) or
(Ib) is an optical isomer of the compound represented
by the  general formula (I) and is produced by the
process A plus,  for example, a process F, G, or H
shown below. [00811 [Process _ The process F is a
process of performing, after the step  A-2 in the
process A, optical resolution to produce optical
isomers. (3a) and (3b) of the compound (3) . From the
optical  



isomer (3a) or (3b), the compound represented by the
general 42  formula (Ia) or (Ib) is produced through
the steps A-3 to A-5  or the steps A-3 to A-9. [0082]
[Process F] R4 Rs NO,  R3 000p,  R2, C-8  R4 2 R1 Rg'
R NO, 3 (3a)  R3 R2 or  RZ R1 Rg. R8 R4 Rs (3) .-NO2
R3 COOP,  R2 R2 R, Rg, Rs  (3b)  wherein Rl R` R2" R3
R4 R' RE R' R8 R8' 1 , and P are as  defined above.
[0083]  Solvents used include the same as those in the
step A-l,  hydrocarbon solvents, alcohol solvents, and
mixed solvents of  hydrocarbon solvents and alcohol
solvents. Hexane- isopropanol or hexane-ethanol is
preferable. The column used in the optical resolution
is not  



particularly limited as long as is is a chiral column
that  permits optical resolution. The column is
preferably  CHIRALPAK (registered trademark) AD-H or
CHIRALPAK 43  (registered trademark) IC manufactured
by Daicel Chemical  Industries, Ltd. The temperature
used is usually 0 to 40C, preferably 20  to 40C. After
completion of the reaction, the eluent (solvent)  is
distilled off to obtain the compound of interest of
the  present reaction. [0084;  The compound
represented by the general formula (Ia) or  (Ib) is
produced by subjectinc the compound (1) to optical
resolution as shown below and then performing the same
steps  as those in the process A. [0085]  The process
G is a process of performing, before the  step A-1 in
the process A, optical resolution to produce  optical
isomers (la) and (lb) of the compound (1) From the
optical isomer (la) or (lb), the compound represented
by the  general formula (la) or (Ib) is produced
through the steps A- 1 to A-5 or the steps A-1 to A-9.
[0086]  [Process G; 44  R4 R5 R4 R;  R3 R2' O G1 R3
R2' R2 R1 R8,Rs 2 R-l Ra'OH Ra G (1) (18)  R4 R 5 4 R4
R5 11OP ,OH  



R3 R3 2 2 R Rz R~ R8,Ra RR2 R1 RaRa  (19a) (20a)  G-3
G-4 or or  R4 Rs 4 R4 Rs OP OH  R3 R'  R2, a R2 s R2
R1 R8 R R2 Rl Ra R  (19b) (20b)  R4 R5 O R3 ;,2 R1
RaRa  (1 a) or  R4 Rs 0  R3 R2 12 Ra'R8  (1 b) whe
rein R-, R`, R2' R3, R4, Rs, R, R7, R8, and R8' are as
de ined - 45  above; and P4 represents a protective
group for a hydroxyl  group. [0087]  P4 is not
particularly limited as long as it is  generally used
as a protective group for hydroxyl groups.  Examples
thereof include trimethylsilyl, tert-
butyldimethylsilyl, methoxymethyl,
2-methoxyethoxymethyl,  



tetrahydropyranyl, benzyl, p-methoxybenzyl, 2,4-
dimethoxybenzyl, o-nitrobenzyl, p-nitrobenzyl, trityl,
formyl,  acetyl, tert-butoxycarbonyl,
2-iodoethoxycarbonyl, 2,2,2- trichloroethoxycarbonyl,
2-propenyloxycarbonyl, 2-chloro-2-
propenyloxycarbonyl,
3-methoxycarbonyl-2-propenyloxycarbonyl,
2-methyl-2-propenyloxycarbonyl, 2-butenyloxycarbonyl,
cinnamyloxycarbonyl, benzyloxycarbonyl, p-
methoxybenzyloxycarbonyl, o-nitrobenzyloxycarbonyl,
and p- nitrobenzyloxycarbonyl groups. [0088]  [Step
C-1] The step G-1 is a step of reducing the compound
(1) to  produce a compound (18). Solvents used are not
r)articularly limited as long as  they are solvents
that do not inhibit the reaction and can  dissolve the
starting material to some extent. The solvents
include aromatic solvents, ether solvents, ester
solvents,  halogenated hydrocarbon solvents, nitr_le
solvents, amide  solvents, su lfoxide solvents, and
hydrocarbon solvents.  Aromatic solvents, halogenated
hydrocarbon solvents, or - 46  hydrocarbon solvents
are preferable, and tetrahydrofuran is  more
preferable. Reagents used include boron reagents and
aluminum  reagents. Trimethoxy aluminum hydride is
preferable. The reaction temperature differs depending
on the types  of the starting compound, the solvents,
the reagents, etc.,  and is usually -78C to room
temperature, preferably -78 to  0C . [0089]  [Step
G-2] The step G-2 is a process of performing optical  



resolution of the compound (1) using an enzyme such as
lipase  to obtain a compound (19a) or (19b). Solvents
used are not particularly limited as long as  they are
solvents that do not inhibit the reaction and can
dissolve the starting material to some extent. The
solvents  include aromatic solvents, ether solvents,
ester solvents,  halogenated hydrocarbon solvents,
nit-rile solvents, amide  solvents, sulfoxide
solvents, and hydrocarbon solvents.  Aromatic
solvents, halogenated hydrocarbon solvents, or
hydrocarbon solvents are preferable, and hexane is
more  preferable. Reagents used include ester
reagents. Vinyl esters are  ~ prefeerable, and vinyl
acetate is more preferable. The enzyme used includes
Candida antarc-ica lipase,  Pseudomonas fluorescens
lipase, Pseudomonas ceoacia lipase,  porcine
pancreatic lipase, porcine liver esterase, and
Candida rugosa lipase. 47  The reaction temperature
differs depending on the types  of the sta=ting
compound, the solvents, the reagents, the  enzyme,
etc., and is usually 0 to 150C, preferably room
temperature to 40C. [0090]  Moreover, in the step G-2,
the compound (18) can also be  converted, using an
appropriate chiral auxiliary, to  diastereomers, which
are then subjected to resolution by an  appropriate
method such as recrystallization, distillation,  and
column chroma-ography. The resolution can be performed
by a method described in, for example, Experimental
Chemistry  18, Reaction of Organic Compound -(Ii)-,
first volume (Nov.  25, 1957, published by Maruzen Cc.
Ltd., ed. by the Chemical  



Society of japan), p. 503-556. More specifically, the
compound (18) is reacted with a carboxylic acid
reagent such  as phthalic anhydride, and from the
resulting mixture of  carboxylic acid derivatives
(19a) and (19b), resolution can  be performed by
recrystallization or the like using  phenethylamine,
quinine, cinchonidine, methylbenzylamine,
naphthyiethylamine, or the like. [0091]  [Step G-3]
The step G-3 is a process of hydrolyzing the compound
(19a) or (19b) -o synthesize a compound (20a) or
(20b).  Solvents used are not particularly limited as
long as they are solvents that do not inhibit the
reaction and can  dissolve the starting material to
some ex--en-:. The solven-s  include aromatic
solvents, ether solvents, ester solvents, 48
halogenated hydrocarbon solvents, nitrile solvents,
amide  solvents, sulfoxide solvents, hydrocarbon
solvents,  alcohol solvents, aqueous solvents, and
mixed solvents  thereof. Ether solvents, alcohol
solvents, aqueous solvents,  or mixed solvents thereof
are preferable, and methanol,  ethanol, or water is
more preferable. Reagents used include inorganic
bases. Potassium  carbonate, sodium hydroxide, or
potassium hydroxide is  preferable. The reaction
temperature differs depending on the types  of the
starting compound, the solvents, the reagents, etc.,
and is usually 0 to 60C, preferably 0C to room
temperature..  [0092; [Step G-41 The step G-4 is a
process of oxidizing the compound  (20a) or (20b) to
synthesize the compound (la) or (lb).  



Solvents used are not particularly limited as long as
they are solvents that do not inhibit the reaction and
can  dissolve the starting material to some extent.
The solvents  include aromatic solvents, ether
solvents, ester solvents,  halogenated hydrocarbon
solvents, nitrile solvents, amide  solvents, sulfoxide
solvents, and hydrocarbon solvents.  Halogenated
hydrocarbon solvents are preferable, and
dichloromethane is more preferable. Reagents used
include acid chloride. Oxalyi chloride is  preferable.
The reaction temperature differs depending on the
types  of the starting compound, the solvents, the
reagents, etc., 49  and is usually -78C to room
temperature, preferably -78 to  0C. [0093]  [Process
H] The process H is a process of performing, before
the  step A-1 in the process A, optical resolution to
produce the  compound (1a) or (lb) as an optical
isomer of the compound  (1) . From the compound (la)
or (lb), the compound  represented by the general
formula (Ia) or (Ib) is produced  through the steps
A-1 to A-3 or the steps A-1 to A-9. [0094]  [Process
H] 50 - R4 R4 Rs R5 O R  4fl"n  R3 H-1- R3 O H-2_ R2
R2,  R2 R1 RS,RB R2 R' Rg,Rg  



(1) (21)  R R4 Rs O n R4 RS O -1~ R3 O R3 R2 i  R'
Rg,R8 R- 2  (21a) H-3 (1a)  or or  4 R R Rs O n R4 RS
O  O R R3 R  R` s Rz R1 Rg 2 2 O=I v 8,R8 (21b) (I b)
[0095; [Step H-11 The step H-1 is a step of producing
a compound (21) from  the compound (1). Solvents used
are not particularly limired as long as  they are
solvents that do not inhibit the reaction and can
dissolve the s-arting material to some extent. The
solven-s  include aromatic solvents, ether solvents,
ester solvents,  halogenated hydrocarbon solvents,
ni-rile solvents, amide  solvents, sulfoxide solvents,
and hydrocarbon solvents.  Aromatic solvents,
halogenated hydrocarbon solvents, or - 51  hydrocarbon
solvents are preferable, and benzene or toluene  is
more preferable. Reagents used include ethanediol and
propanediol.  Hydrobenzoin is preferable. The reaction
temperature differs depending on the types  



of the starting compound, the solvents, the reagents,
etc.,  and is usually -78C to reflux conditions,
preferably 60C to  reflux conditions. [0096]  [Step
H-2] The step H-2 is a step of subjecting the compound
(21)  to optical resolution to produce a compound
(21a) or (21b)  Solvents used include the same as
those in the step A-1, hydrocarbon solvents, alcohol
solvents, and mixed solvents of  hydrocarbon solvents
and alcohol solvents. Hexane- isopropanol or
hexane-ethanol is preferable. The column used in the
optical resolution includes the  same as those in the
process F. The temperature used is usually 0 to 40C,
preferably 20  to 40C. After completion of the
reaction, the eluent (solvent)  is distilled off to
obtain the compound of interest of the  present
reaction. [0097]  [Step H-3] The step H-3 is a step of
synthesizing the compound (1a)  or (lb) from the
compound (21a) or (21b). 52  Solvents used are not
particularly limited as long as  they are solvents
that do not inhibit the reaction and can  dissolve the
starting material to some extent. The solvents
include aromatic solvents, ether solvents, ester
solvents,  halogenated hydrocarbon solvents, nitrile
solvents, amide  solvents, sulfoxide solvents,
hydrocarbon solvents, ketone  solvents, and aqueous
solvents. Ketone solvents or aqueous  solvents are
preferable, and acetone or water is more  preferable. 



Reagents used include acid catalysts, for example,
inorganic or organic acids such as hydrochloric acid,
acetic  acid, sulfuric acid, toluenesulfonic acid, and
camphorsulfonic acid. The reaction temperature differs
depending on the types  of the starting compound, the
solvents, the reagents, etc.,  and is usually 0 to
100C, preferably 60 to 100C. [0098]  The compound
represented by the general formula (I),  (Ia), (Ib),
or (II), obtained by the processes, or the
pharmacologically acceptable salt thereof exhibits
activity  as an a28 ligand and affinity for
voltage-dependent calcium  channel subunit a26 and is
useful as an active ingredient in  a pharmaceutical
composition used for treating and/or  preventing pain,
disorders involving the central nervous  system, and
other disorders. [0099]  Examples of pain include
acute pain, chronic pain, pain  caused by soft tissue
or peripheral injury, postheruetic - 53  neuralgia,
occipital neuralgia, trigeminal neuralgia,  myelomere
or intercostal neuralgia, central pain, neuropathic
pain, migraine, pain associated with osteoarthritis or
articular rheumatism, pain associated with contusion,
sprain,  or trauma, spondylalgia, pain caused by
spinal cord or brain  stem injury, pain in the lower
back, sciatic neuralgia,  toothache, myofascial pain
syndrome, episiotomy pain, gouty  pain, pain caused by
burn, cardiac pain, muscular pain,  ocular pain,
inflammatory pain, orofacial pain, abdominal  pain,
pain associated with dysmenorrhea, labor pain, or
endometriosis, somatalgia, pain associated with nerve
or  radicular injury, pain associated with amputation,
tic  



douloureux, neuroma, or angiitis, pain caused by
diabetic  neuropathy (or diabetic peripheral
neuropathic pain), pain  caused by
chemotherapy-induced neuropathy, atypical facial
neuralgia, neuropathic pain in the lower back,
trigeminal  neuralgia, occipital neuralgia, myelomere
or intercostal  neuralgia, neuralgia associated with
HIV, neuralgia  associated with AIDS, hyperalgesia,
burning pain, sudden pain,  pain caused by
chemotherapy, occipital neuralgia, psychogenic  pain,
pain associated with gallstone, neuropathic or non-
neuropathic pain associated with cancer, phantom limb
pain,.  functional abdominal pain, headache, acute or
chronic tension  headache, sinus headache, cluster
headache, temporomandibular  joint pain, maxillary
sinus pain, pain caused by ankylosing
spondylarthritis, postoperative pain, scar pain,
chronic non- neuropathic pain, pain attributed to
hyperlipidemia,  fibromuscular pain, and fibromyalgia.
54 - [0100] Examples of disorders involving the
central nervous  system include fainting episode,
epilepsy (particularly,  partial epilepsy, adult
partial seizure, and partial seizure in epilepsy
patients), asphyxia, general anoxia, hypoxia,  spinal
cord injury, traumatic brain injury, head injury,
cerebral ischemia, seizure, cerebral angiopathy,
neurocardiogenic syncope, neurogenic syncope,
hypersensitive  carotid sinus, neurovascular syndrome,
arrhythmia, mood  disorder (e.g., depression),
treatment-resistant depression,  seasonal affective
disorder, child depression, premenstrual  syndrome,
premenstrual dysphoric disorder, hot flash, bipolar
disorder, manic depression, conduct disorder,
disruptive  behavior disorder, stress-related physical
disorder, anxiety  disorders, borderline personality.
disorder, schizophrenia,  



schizoaffective disorder, delusional disorder, brief
psychotic disorder, shared psychotic disorder,
substance- induced psychotic disorder, anxiety
associated with psychosis,  psychotic mood disorder,
mood disorder associated with  schizophrenia, behavior
disorder associated with mental  retardation, insomnia
(e.g., primary insomnia, secondary  insomnia, and
transient insomnia), noctambulism, sleep  deprivation,
REM sleep disorder, sleep apnea, hypersomnia,
parasomnia, sleep-wake cycle disorder, jet lag,
narcolepsy,  and generalized anxiety disorder. [0101;
Examples of other disorders include chronic
obstructive  airway disease, bronchopneumonia, chronic
bronchitis, cystic - 55  fibrosis, adult respiratory
distress syndrome, bronchospasm,  cough, pertussis,
allergy, contact dermatitis, atopic  dermatitis,
urticaria, pruritus, pruritus associated with
hemodialysis, inflammatory bowel disease, psoriasis,
osteoarthritis, cartilage injury, articular
rheumatism,  psoriatic arthritis, asthma, sunburn,
hypersensitivity,  Parkinson's disease, Huntington's
disease, Alzheimer's  disease, delirium, dementia,
forgetfulness, autism, attention  deficit
hyperactivity disorder, Reiter's syndrome, Down's
syndrome, Sjogren's syndrome, hypertension,
hematopoiesis,  postoperative neuroma, benign
prostatic hypertrophy,  periodontal disease,
hemorrhoids, fissure-in-ano, infertility,  reflex
sympathetic dystrophy, hepatitis, vasodilation,
fibrosing disease, collagen disease, angina pectoris,
migraine, Raynaud's disease, dry eye syndrome,
conjunctivitis,  vernal conjunctivitis, proliferative
vitreoretinopathy,  multiple sclerosis, amyotrophic
lateral sclerosis, pervasive  development disorder,
human immunodeficiency virus infection,  



HIV encephalopathy, dissociative disorder, eating
disorder,  ulcerative colitis, Crohn's disease,
irritable bowel syndrome,  chronic pancreatitis,
chronic fatigue syndrome, sudden infant  death
syndrome, overactive bladder, chronic cystitis,
chemotherapy-induced cystitis, primary motor disorder,
akinesia, dvskinesia, cramp, Toure-mote's syndrome,
Scott  syndrome, paralysis, extrapyramidal motor
disorder, restless  legs syndrome, mastalgia syndrome,
motion sickness, lupus  erythematosus,
immunodeficiency, inflammatory  gastrointestinal
disorder, gastritis, proctitis, - 56  gastroduodenal
ulcer, peptic ulcer, dyspepsia,-nemesis, breast
cancer, gastric cancer, gastric lymphoma,
ganglioneuroblastoma, and small-cell cancer. [0102]  A
pharmaceutical composition comprising the compound
represented by the general formula (I), (Ia), (Ib), or
(II)  or the pharmacologically acceptable salt
thereof, when  administered to mammals (e.g., humans,
horses, cow, or pigs,  preferably humans), is
administered systemically or locally  through an oral
or parenteral roue. [0103"  The pharmaceutical
composition of the present invention  can be prepared
in an appropriate form selected according to  the
administration method, by preparation methods of
various  preparations usually used. [0104]  The form
of the pharmaceutical composition for oral
administration includes tablets, pills, powders,
granules,  capsules, solutions, suspensions,
emulsions, syrups, and  elixirs. The pharmaceutical
composition in such a form is  prepared according to a
standard method by appropriately  



selecting, according to need, additives from among
excipients,  binders, disintegrants, lubricants,
swelling agents, swelling  aids, coating agents,
plasticizers, stabilizers, antiseocics,  antioxidants,
coloring agents, solubilizers, suspending  agents,
emulsifiers, sweeteners, preservatives, buffers,
diluents, wetting agents, etc. usually used. [0105" 57
The form of the pharmaceutical composition for
parenteral administration includes injections,
ointments,  gels, creams, poultices, patches,
aerosols, inhalants, sprays,  eye drops, nasal drops,
suppositories, and inhalants. The  pharmaceutical
composition in such a form is prepared  according to a
standard method by appropriately selecting,  according
to need, additives from among stabilizers,
antiseptics, solubilizers, humectants, preservatives,
antioxidants, flavors, gelling agents, neutralizing
agents,  solubilizers, buffers, tonicity agents,
surfactants, coloring  agents, buffering agents,
thickeners, wetting agents, fillers,  absorption.
promoters, suspending agents, binders, etc. usually
used.  [0106] The dose of the compound represented by
the general  formula (I), (Ia), or (Ib) or the
pharmacologically  acceptable salt thereof differs
depending on symptoms, age,  body weight, etc., and
is, for oral administration, 1 to 2000  mg, preferably
10 to 600 mg (in terms of the amount of the  compound)
per dose which is administered once to several  times
a day to an adult (body weight: approximately 60 Kg)
and, for parenteral administration, 0.1 to 1000 mg,
preferably 1 to 300 mg (in terms of the amount of the
compound) per dose which is administered once to
several  



times a day to an adult. 58 - Examples [0107]
(Example 1) () - [ (1S, 5R, 6R) -6-
(aminomethyl)bicyclo[3.2.0]hept-3-en-6-yljacetic acid
(exemplary compound No: 1) (i-a)
(2E)-hepta-2,6-dienoic acid 4-Pentenal (4.45 g, 51.4
mmol) and malonic acid (6.41 g,  61.6 mmol) were
dissolved in pyridine (9.9 mL). To the  solution,
piperidine (1.9 mL) was added, and the mixture was
then stirred at 90C for 5 hours. The mixture was
allowed to  cool and then made acidic by the addition
of 2 N hydrochloric  acid, followed by extraction with
diethyl ether. The organic  layer was washed with
saturated saline and dried over  anhydrous magnesium
sulfate, and the filtrate was then  concentrated under
reduced pressure. The residue was  distilled under
reduced pressure to obtain the compound o- interest as
a colorless oil substance (3 mmHg, 110-116C,  3.27 g,
50%). (1-b) Teri-but-y_
()-(1S,5R)bicyclo[3.2.0]hept-3-en-6- ylideneacetate
Oxalyl chloride (10 mL) was added droDwise to a
toluene  solution (60 mL) of (2E)-hepta-2,6-dienoic
acid (3.27 g, 25.9  mmol) under ice cooling. The
mixture was stirred for 20  minutes, then removed from
the ice water bath, and gradually  heated to room
temperature. After stirring for 50 minutes,  the
reaction solution was stirred for 1 hour under heating
to  reflux. The solution was allowed to cool, and the
solvent  was then distilled off under reduced
pressure. To the 59  residue, toluene was further
added, and the solvent was then  



distilled off again under reduced pressure. The
residue was  dissolved in toluene (20 mL), and this
solution was added  dropwise over 1 hour to a toluene
solution (20 mL) of  triethylamine (9.19 g, 91 mmol)
heated in advance to 90C.  After completion of the
dropwise addition, the mixture was  further heated
with stirring for 2 hours. The reaction  solution was
cooled, then diluted with saturated saline and  water,
and filtered through Celite. The filtrate was
separated into organic and aqueous layers. The organic
layer  was then washed with 1 N hydrochloric acid,
then dried over  magnesium sulfate, and filtered. This
filtrate was added to  a reaction solution prepared in
advance from a  dimethoxyethane solution (20 mL) of
tert-butyl  dimethoxyphosphorylacetate (5.98 g, 25.9
mmol) and sodium  hydride (>65% oil, 986.7 mg, 25.9
mmol), and the mixture was  stirred for 1.5 hours. To
the reaction solution, a saturated  aqueous solution
of ammonium chloride, saturated saline, and  water
were added in this order, and the reaction solution
was  subjected to extraction with ethyl acetate. The
organic  layer was dried over anhydrous magnesium
sulfate and then  filtered. The solvent was distilled
off under reduced  pressure, and the residue was
purified by silica gel column  chromatography to
obtain the compound of interest as a pale  yellow oil
substance (1.73 g, 32%, E/Z mixture). (1-c) Tert-butyl
Z ) , 0R) -6- (nitromethyl)bic_yclo
[3.2.01hept-3-en-6-yl]acetate 60  Tert-butyl
()-(lS,SR)bicyclo[3.2.0]hept-3-en-6- ylideneacetate
(1.73 g, 8.39 mmol) was dissolved in  nitromethane (10
mL). To the solution, 1,8-
diazabicyclo[5.4.0]undec-7-ene (1.3 mL, 8.4 mmol) was
added,  and the mixture was stirred at room
temperature for 1 hour  



and then heated with stirring at 50 to 60C for 5
hours. The  mixture was allowed to cool and then
diluted with 1 N  hydrochloric acid and saturated
saline, followed by  extraction with ethyl acetate.
Then, the organic layer was  dried over anhydrous
magnesium sulfate, and the solvent was  distilled off
under reduced pressure. The residue was  purified by
silica gel column chromatography to obtain the
compound of interest as a colorless oil substance
(1.98 g,  89%). (1-d) Tert-butyl () - [ (1S, 5R, 6R)
-6- (aminomethyl)bicyclo[3.2.0]hept-3-en-6-yl]acetate
Tert-butyl () - [ (1S, 5R, 6R) -6
(nitromethyl)bicyclo[3.2.0]hept-3-en-6-ylacetate]
(1.98 g,  7.41 mmol) was dissolved in ethanol (20 niL)
and water (10 mL) .  To the solution, iron powder(2.07
g, 37.0 mmol) and ammonium  chloride (392.7 mg, 7.41
mmol) were added, and the mixture  was stirred for 4.5
hours under heating to refiux. The  mixture was
allowed to cool, then diluted with saturated  saline,
a saturated aqueous solution of sodium bicarbonate,
and ethyl acetate, and filtered through Celite to
remove  insoluble matter. The filtrate was separated
into organic and aqueous layers. The organic layer was
washed with  saturated saline and then dried over
anhydrous magnesium - 61  sulfate. Then, the solvent
was distilled off under reduced  pressure to obtain
the compound of interest as a pale yellow  solid (1.99
g, this compound was used directly in the next
reaction without being purified). (1-e)
()-[(1S,5R,6R)-6-(aminomethyl)bicyclo[3.2.01hept-3-en-
6-yl]acetic acid A 4 N hydrochloric acid-ethyl acetate
solution (10 mL)  was added to tert-butyl () - [ (1S,
5R, 6R.) -6- 



(aminomethyl)bicyclo[3.2.0]hept-3-en-6-y1]acetate
(0.99 g,  4.17 mmol), and the mixture was stirred at
room temperature  for 1 hour. Then, the solvent was
distilled off under  reduced pressure. The residue was
suspended by the addition  of dichloromethane. To the
suspension, triethylamine was  then added dropwise,
and the resulting powder was collected  by filtration.
The obtained powder was washed with  dichloromethane
and then dried under reduced pressure to  obtain the
compound of interest as a white powder (211.6 mg,
35%). [0108-1  (Example 2)
[(1R,5S,6S)-6-(aminomethyl)bicyclo[3.2.0]hept-3-
en-6-yl,'acetio acid (exemplary compound No: 1,
optically  active form) H ' NH2  COON  H 62  (2-a)
Resolution of tert-butyl () - [ (1S, 5R, 6R) -6-
(nitromethyl)bicyclo[3.2.0]hept-3-en-6-yl]acetate
Tert-butyl (_) - [ (1S, 5R, 6R) -6
(nitromethyl)bicyclo[3.2.0]hept-3-en_-6-y]acetate (154
g, 576  mmol) was resolved using Chiralpak AD-H
(n-hex:EtOH=95:5, 1.0  mL/min, 40C) manufactured by
Daicel Chemical Industries, Ltd.  to respectively
obtain 65.5 g of a peak 1 (retention time: 5.1 min)
and 64.8 g of a peak 2 (retention time: 6.5 min).
(2-b) Tert-butyl [ (1R, 5S, 6S) -6-
(aminomethyl)bicyclo[3.2.0]hept-3-en-6-yl]acetate
Tert-butyl [(1R,5S,6S)-6-
(nitromethyl)bicyclo[3.2.0]hept-3-en-6-yl]acetate
(peak 2,  20.7 g, 77.4 mmo1) was dissolved in ethanol
(200 mL) and  



water (100 mL). To the solution, iron powder (34.69 g,
619.5  mmol) and ammonium chloride (2.09 g, 38.72
mmol) were added,  and the mixture was stirred for 6.5
hours under heating to  reflux. The mixture was
allowed to cool, then diluted with  saturated saline,
a saturated aqueous solution of sodium  bicarbonate,
and ethyl ace-ate, and filtered through Celite  to
remove insoluble matter. The filtrate was separated
into  organic and aqueous layers. The organic layer
was washed  with saturated saline and then dried over
anhydrous magnesium  sulfate. Then, the solvent was
distilled off under reduced  pressure to obtain a
mixture of the compound of interest and  the starting
material at almost 1:_ ratio (20.18 g, estimated  by
'H-NMR). This mixture was dissolved again in ethanol
(200  mL) and water (100 mL). To the solution, iron
powder (40.36  g, 720.7 mmol) and ammonium chloride
(4.18 g, 78.1 mmol) were 63  added, and the mixture
was stirred for 9 hours under heating  to reflux while
iron powder (32.73 g, 584.5 mmol) was further  added
thereto in three portions. The mixture was allowed to
cool, then diluted with saturated saline, a saturated
aqueous  solution of sodium bicarbonate, and ethyl
acetate, and  filtered through Celite to remove
insoluble matter. The  filtrate was separated into
organic and aqueous layers. The  organic layer was
washed with saturated saline and then dried  over
anhydrous magnesium sulfate. Then, the solvent was
distilled off under reduced pressure to obtain the
compound  of interest as a pale yellow oil substance
(17.53 g, 950).  (2-c)
(-)-[(1R,5S,6S)-6-(aminomethyl)bicyclo[3.2.0]hept-3-en
- 6-yl]acetic acid A 4 N hydrochloric acid-ethyl
acetate solution (200 mL)  was added to tert-butyl
[(1R,5S,6S)-6-
(aminomethyl)bicyclo[3.2.0]hept-3-en-6-yl]ace tate
(17.53 g,  



7.4 mmol), and the mixture was stirred at room
temperature  for 1.5 hours. Then, the solvent was
distilled off under  reduced pressure. The residue was
suspended in  dichloromethane. To the suspension,
triethylamine was added  dropwise, and the resulting
powder was collected by  filtration, then washed with
dichioromethane, and then dried  to obtain a white
powder A (6.85 g) From the filtrate, the  solvent was
distilled of= under reduced pressure. To the  residue,
a 4 N hydrochloric acid-ethyl acetate solution (200
mL) was then added again, and the mixture was stirred
at room  temperature for 2 hours. The solvent was
distilled off under  reduced pressure,.and the residue
was suspended in 64  dichloromethane. To the residue,
triethylamine was added  dropwise, and the resulting
powder was collected by  filtration, then washed with
dichloromethane, and then dried  to obtain a white
powder B (2.48 g) This white powder B was  combined
with the above-obtained white powder A and washed
with ethanol and ethyl acetate to obtain the compound
of  interest as a white powder (7.39 g, 55%). [C109]
(Example 3)
[(1R,5S,6S)-6-(aminomethyl)bicyclo[3.2.0]hept-3-
er.=6-yl]acetic acid (exemplary compound No: 1,
optically  active form differing in production process
from that of  Example 2) H \\\~ NH2  COOH  H (3-a)
Ter-.-butyl [ (lR, 5S, 6S) -6- (tert-
butoxycarbonylaminomethyl)bicyclo[3.2.0]hept-3-en-6-
yl]acetate 



Tert-buty= [(1R,~S,65)-6-
(nitromethyl)bicyclo[3.2.0]hept-3-en-6-_yl]acetate
(peak 2, 30  g, 0.11 mol) was dissolved in ethanol
(300 mL) and waver (100  mL). To the solution, iron
powder (18.8 g, 0.34 mol) and  ammonium chloride (3.6
g, 67.3 mmol) were added, and the  mixture was stirred
for 4 hours in an oil bath at 80C. Since the nitro
form of the starting material remained, iron - 65
powder (18.8 g, 0.34 mmol) was added thereto, and the
mixture  was stirred in an oil bath at 80C. After 3
hours, iron  powder (18.8 g, 0.34 mmmol) was added
thereto, and the  mixture was further stirred for 4
hours in an oil bath at  80C and then left overnight.
Iron powder (18.8 g, 0.34  mmol) was added thereto,
and the mixture was si=red for 2  hours in an oil bath
at 80C. Although further iron powder  (18.8 g, 0.34
mmol) was added thereto, the mixture became  difficult
to stir. Therefore, the reaction was terminated.  The
mixture was allowed to cool and then filtered to
remove  insoluble matter. To the filtrate, (Boc)20
(36.7 g, 0.17  mol) and t=iethylamine (46.9 rnL, 0.34
mol) were added, and  the mixture was stirred at room
temperature for 2 hours. The  organic solvent was
distilled off under reduced pressure,  followed by
extraction with ethyl acetate from the remaining
aqueous layer. The organic layer was washed with an
aqueous  citric acid solution, water, saturated
aqueous sodium  bicarbonate, and saturated saline and
dried over anhydrous  magnesium sulfate. Then, the
solvent was distilled off under  reduced pressure. The
residue was purified by silica gel  column
chromatography to obtain the compound of interest- as
a  colorless oil (30.8 g). (3-b)
(-)-[(1R,5S,6S)-6-(aminomethyl)bicyclo[3.2.0]hept-3-en
- 6-yl]acetic acid 



A 4 N hydrochloric acid-ethyl acetate solution (500
mL)  was added to an ethyl acetate (150 mL) solution
of tert-butyl  [ (1R, 5S, 6S) -6- (tert
butoxycarbonylaminomethyl)bicyclo[3.2.0]hept-3-en-6 66
yl]acetate (76.9 g, 0.23 mol), and the mixture was
stirred at  room temperature for 5 hours. Then, the
deposited powder was  collected by filtration and
dried. Since the partial te=t- butyl ester was not
eliminated, the obtained powder was  suspended again
in a 4 N hydrochloric acid-ethyl acetate  solution
(300 mL), and the suspension was stirred at room
temperature for 4 hours and then left overnight. The
deposited powder was collected by filtration and dried
to  obtain the hydrochloride of the compound of
interest as a  white powder (43.2 g) . To a methylene
chloride (800 mL)  suspension of the obtained
hydrochloride, triethylamine (27.7  mL, 0.198 mol) was
added dropwise at room temperature, and  the mixture
was stirred for 2 hours and then left standing
overnight. Again, the resulting powder was collected
by  filtration and washed with an methanol-ethyl
acetate mixed  solvent to obtain the compound of
interest as a white powder  (25.6 g) . [0110]
(Example 4)
[(lS,5R,6R)-6-(aminomethyl)bicyclo[3.2.0]hept-3-
en-6-yl]acetic acid (exemplary compound No: 1,
optically  active form differing in configuration from
that of Example  2) H NH,  '//"/ COOH  H - 67 - 



(4-a) Tert-butyl [ (1S, 5R, 6R) -6-
(aminomethyl)bicyclo [3 .2. 0]hept-3-en-6-y1 ]acetate
Tert-butyl [(1S,5R,6R)-6-
(nitromethyl)bicyclo[3.2.0]hept-3-en-6-vl]acetate
(peak 1,  21.6 g, 80.8 mmol) was dissolved in ethanol
(200 mL) and  water (100 n ). To the solution, iron
powder (43.1 g, 80.8  mmol) and ammonium chloride
(2.59 g, 48.5 mmol) were added,  and the mixture was
stirred for 5.5 hours under heating to  reflux. To the
reaction solution, iron powder (9.0 g, 161  mmol) was
then further added, and the mixture was further
stirred for 2 hours under heating to reflux. The
mixture was  allowed to cool, then diluted with a
saturated aqueous  solution of sodium bicarbonate and
ethyl acetate, and  filtered to remove insoluble
matter. From the filtrate, the  organic solvent was
distilled off under reduced pressure,  followed by
extraction with ethyl acetate from the aqueous  layer.
The organic layer was washed with saturated saline
and dried over anhydrous magnesium sulfate. Then, the
solvent was distilled off under reduced pressure, and
the  residue was purified by amino column
chromatography to obtain  the compound of interest as
a pale yellow oil (5.5 g). (4-b)
[(1S,5R,6R)-6-(aminomethyl)bicyclo[3. 2.0]hept-3-en-6-
yl ]acetic acid A 4 N hydrochloric acid-ethyl acetate
solution (200 mL)  was added to tert-butyl [ (lS, 5R,
6R) -6-
(aminomethyl)bicyclo[3.2.0]hept-3-en-6-yl]acetate
(=7.4 g,  73.3 mmol), and the mixture was stirred at
room temperature  for 4 hours. Then, the deposited
powder was collected by - 68  filtration to obtain the
hydrochloride of the compound of  interest as a white
powder (15.6 g). To a methylene chloride  (300 mL)
suspension of the obtained hydrochloride,  



triethylamine (10.2 mL, 72.8 mol) was added dropwise
at room  temperature, and the mixture was stirred for
2 hours. Then,  again, the resulting powder was
collected by filtration. The  obtained powder was
washed with an ethanol-ethyl acetate  mixed solvent to
obtain the compound of interest as a white  powder
(8.43 g). [0111]  (Example 5)
[(1R,5S,6S)-6-(aminomethyl)bicyclo[3.2.0]heot-3-
en-6-yl]acetic acid hydrochloride (exemplary compound
No: 1,  hydrochloride of the compound of Example 2) H
/ COON  HCl  H (5-a) [ (1R, 5S, 6S) -6- (aminomethyl)
bicycio [ 3 .2 . 0 ] hept-3-en-6- yl]acetic acid
hydrochloride Water (5 mL) and a 4 N hydrochloric
acid-i,4-dioxane  solution (22 mL) were added to
(1R,5S,6S)-6-
(aminomethyl)bicycio[3.2.0]hept-3-en-6-yl]acetic acid
(320.2  mg, _.77 mmci), and the mixture was stirred at
room  temperature for 5 minutes. The solvent was
distilled off  under reduced pressure. To the residue,
1,4-dioxane was  added, and the mixture was heated and
then allowed to cool to 69  room temperature. The
resulting powder was collected by  filtration. The
obtained powder was washed with 1,4-dioxane  and then
dried to obtain the compound of interest as a white
powder (350.0 mg, 920). [01121  (Example 6)
[(1R,5S,6S)-6-(aminomethyl)bicyclo[3.2.0]hept-3-
en-6-yl]acetic acid benzenesulfonate (exemplary
compound No:  1, benzenesulfonate of the compound of
Example 2) 



H NH2  "~-COOH  PhSO3H  H
(lR,5S,6S)-6-(aminomethyl)bicyclo[3.2.0]hept-3-en-6-
yl]acetic acid (152.2 g, 391 mmol) was dissolved in 2-
propanol (7.5 mL) and water (2.6 mL). To the solution,
benzenesulfonic acid monohydrate (305.2 mg, 1.73 mmol)
was  then added, and the mixture was stirred at room
temperature  for 5 minutes. The solvent was distilled
off under reduced  pressure, followed by further
azeotropic dehydration with 2- propanol. Then, the
residue was washed with 2-propanol to  obtain the
compound of interest as a white powder (260.4 mg,
53%). [0113]  (Example 7) (=) - (1S, 5R, 6R)
-6-aminome rhyl-3-
methylbicyclo[3.2.0]hept-3-en-6-v_i]acetic acid
(exemplary  compound No: 4) 70  (7-a) Methyl
4-methyl-3-hydroxyhept-6=enoate Sodium hydride (>63%
oil, 1..64 g, 43.1 mmol) was added  to a
tetrahydrofuran solution (50 mL) of methyl 3-
oxopentanoate (5.10 g, 39.2 mmol) under ice cooling,
and the  mixture was stirred in this state for 10
minutes. To the  reaction solution, n-butyllithium
(1.66 M hexane solution,  25.9 mL, 43.1 mmol) was
added dropwise, and the mixture was  further stirred
for 10 minutes under ice cooling. Then,  allyl bromide
(5.18 g, 43.1 mmol) was added thereto, and the
mixture was stirred in this state for 30 minutes and
then  further stirred overnight at room temperature.
To the  reaction solution, 1 N hydrochloric acid and
saturated saline  



were added, followed by extraction with diethyl ether.
The  organic layer was washed with saturated saline
and dried over  anhydrous magnesium sulfate, and the
solvent was distilled  off under reduced pressure. The
obtained residue was  dissolved in methanol (100 mL) .
To the solution, sodium  borohydride (1.89 g, 50 mmol)
was added under ice cooling,  and the mixture was
stirred in this state for 1.5 hours. 2 N  hydrochloric
acid (50 m.L) was added thereto, and the mixture  was
stirred for 30 minutes. Then, saturated saline was
added  thereto, followed by extraction with ethyl
acetate. The  organic layer was washed with saturated
saline and then dried  over anhydrous magnesium
sulfate, and the solvent was  disc-sled off under
reduced pressure. The residue was  purified by silica
gel column chromatography to obtain the  compound of
interest as a pale yellow oil substance (5.72 g,  85%,
mixture of diastereomers) 71  (7-b)
4-Methyl-3-hydroxyhept-6-enoic acid Methyl
4-methyl-3-hydroxyhept-6-enoate (5.72 g, 33.2  mmol)
was dissolved in a 2 N potassium hydroxide-methanol
solution (50 mL), and the solution was stirred
overnight at  room temperature. From the reaction
solution, the solvent  was distilled off under reduced
pressure. To the residue, a  1 N aqueous sodium
hydroxide solution was then added,  followed by
extraction with diethyl ether. The aqueous layer  was
made acidic by the addition of concentrated
hydrochloric  acid under ice cooling, followed by
extraction with diethyl  ether again. The organic
layer was washed with saturated  saline and dried over
anhydrous magnesium sulfate. Then, the  solvent was
distilled off under reduced pressure to obtain  the
compound of interest as a yellow oil substance (2.21
g,  42%, mixture of diastereomers). 



(7-c) Teri-butyl
()-(1S,5R)-3-methylbicyclo[3.2.0]hept-3-en-
6-ylideneacetate 4-Methyl-3-hydroxyhept-6-enoic acid
(2.21 g, 1-3.9 im-nol)  was dissolved in acetic
anhydride (14 mL) To the solution,  potassium acetate
(3.29 g, 33.4 mmol) was added, and the  mixture was
stirred at room temperature for 2 hours. The  reaction
solution was heated to 110 to 120C and stirred for
3.5 hours. To the reaction solution, ice water and
toluene  were then added, and this mixture was stirred
at room  temperature for 1 hour. The mixture was
separated into  aqueous and organic layers by the
addition of saturated  saline and toluene. Then, the
organic layer was washed with  a 1- N aqueous sodium
hydroxide solution and saturated saline 72  in this
order, then dried over anhydrous magnesium sulfate,
and then filtered. This filtrate was added to a
reaction  solution prepared by adding sodium hydride
(>63% oil, 533.3  mg, 14.0 mmol) to a tetrahydrofuran
solution (20 mL) of tert- butyl
dimethoxyphosphorylacetate (3.24 g, 14.5 mmol) under
ice cooling, and the mixture was further stirred for
1.5  hours. The reaction solution was separated into
aqueous and  organic layers by the addition of a
saturated aqueous  solution of ammonium chloride and
saturated saline. The  aqueous layer was subjected to
extraction with ethyl acetate.  These organic layers
were combined, then washed with  saturated saline, and
then dried over anhydrous magnesium  sulfate. The
solvent was distilled off under reduced  pressure, and
the residue was purified by silica gel column
chromatography to obtain the compound of interest as a
pale  yellow oil substance (1.21 g, 40%, E/Z mixture).
(7-d) Tert-butyl () - [ (1S, 5R, 6R) -3-methyl-6-
(nitromethyl)bicyclo[3.2.0]hept-3-en-6-yl]acetate  



Teri-butyl
(-)-(1S,5R)-3-methylbicyclo[3.2.0]hept-3-ep_
6-ylideneacetate (1.21 g, 5.50 mmol) was dissolved in
nitromethane (7 mL). To the solution, 1,8-
diazabicycio[5.4.0]undec-7-ene (0.91 mL, 6.0 mmol) was
added,  and the mixture was heated with stirring at 50
to 60C for 6  hours. The mixture was allowed to cool,
and a saturated  aqueous solution of potassium
dihydrogen phosphate was then  added thereto, followed
by extraction with ethyl acetate.  Then, the organic
layer was dried over anhydrous magnesium  sulfate, and
the solvent was distilled off under reduced 73
pressure. The residue was purified by silica gel
column  chromatography to obtain. the compound of
interest as a  colorless oil substance (1.14 g, 74%).
(7-e) Tert-butyl () - [ (1S, 5R, 6R) -6-aminomethyl-3-
methylbicyclo[3.2.0] hept-3-en-6-yl]acetate
Tert-butyl (1) - [ (IS, 5R, 6R) -3-methyl-6-
(nitromethyl)bicyclo[3.2.0]hept-3-en-6-yl]acetate
(1.12 g, 3.99 mmol) was dissolved in ethanol (20 mL)
and water (10 mL)  To the solution, iron powder (892.8
mg, 15.9 mmol) and  ammonium chloride (211.5 mg, 3.99
mmol) were added, and the  mixture was stirred for 4
hours under heating to reflux. The  mixture was
allowed to cool, then diluted with saturated  saline,
a saturated aqueous solution of sodium bicarbonate,
and ethyl acetate, and filtered through Celite to
remove  insoluble matter. The filtrate was separated
into organic  and aqueous layers. The organic layer
was washed with  saturated saline, then dried over
anhydrous magnesium sulfate,  and the solvent was then
distilled off under reduced pressure.  To the residue,
a 4 N hydrochloric acid-ethy= acetate  solution (5 mL)
was added, and the mixture was stirred at  room
temperature for 1 hour. Then, the solvent was
distilled  



off under reduced pressure. The residue was suspended
in  dichloromethane. To the suspension., triethylamine
was added  dropwise, and the resulting powder was
collected by  filtration, then washed with
dichloromethane, and then dried  to obtain the
compound of interest as a white powder (105.8  mg,
28%). [0114] 74  (Example 8) () - [ (1S, 5R, 6R)
-6-aminomethyl-3-
ethylbicyclo[3.2.0]hept-3-en-6-yl]acetic acid
(exemplary  compound No: 8) (8-a) Ethyl
4-ethyl-3-hydroxyhept-6-enoate Sodium hydride (>63%
oil, 2.09 g, 55 mmol) was added to  a tetrahydrofuran
solution (50 mL) of ethyl 3-oxohexanoate  (7.91 g, 50
mmol) under ice cooling, and the mixture was  stirred
in this state for 10 minutes. To the reaction
solution, n-butyllithium (1.58 M hexane solution, 34.8
mL, 55  mmol) was added dropwise, and the mixture was
further stirred  for 10 minutes under ice cooling.
Then, allyl bromide (4.7  mL, 55 mmol) was added
thereto, and the mixture was stirred  in this state
for 1 hour and then further stirred at room
temperature for 4 hours. To the reaction solution, 1 N
hydrochloric acid and a saturated aqueous solution of
ammonium chloride were added, followed by extraction
with.n- pentane. The organic layer was washed with
saturated saline  and dried over anhydrous magnesium
sulfate, and the solvent  was distilled off under
reduced pressure. The obtained  residue was dissolved
in ethanol (80 mL). To the solution,  sodium
borohydride (1.51 g, 40 mmol) was added under ice
cooling, and the mixture was stirred in this state for
2  hours. I N hydrochloric acid (50 mL) was added
thereto, and  the mixture was stirred for 30 minutes.
Then, saturated  



saline was added thereto, followed by extraction with
ethyl  acetate. The organic layer was washed with
saturated saline  and then dried over anhydrous
magnesium sulfate, and the  solvent was distilled off
under reduced pressure. The - 75  residue was purified
by silica gel column chromatography to  obtain the
compound of interest as a pale yellow oil  substance
(3.64 g, 37%, mixture of diastereomers). (8-b)
4-Ethyl-3-hydroxyhept-6-enoic acid Ethyl
4-ethyl-3-hydroxyhept-6-enoate (3.64 g, 18.2 mmol)
was dissolved in a 2 N potassium hydroxide-methanol
solution  (120 mL), and the solution was stirred
overnight at room  temperature. Froir. the reaction
solution, the solvent was  distilled off under reduced
pressure. To the residue, a 1 N  aqueous sodium
hydroxide solution (200 mL) was then added,  followed
by extraction with diethyl ether. The aqueous layer
was made acidic by the addition of concentrated
hydrochloric  acid under ice cooling, followed by
extraction with diethyl  ether again. The organic
layer was washed with saturated  saline and dried over
anhydrous magnesium sulfate. Then, the  solvent was
distilled off under reduced pressure to obtain  the
compound of interest as a pale yellow oil substance
(3.14  g, <100%, mixture of diastereomers). (8-c)
Tert-butyl ()-(1S,5R)-3-ethylbicyclo[3.2.0]hept-3-en-
6-ylideneacetate 4-Ethyl-3-hydroxyhept-6-enoic acid
(3.13 g, 18.2 mmol)  was dissolved in acetic anhydride
(15 mL) To the solution,  potassium acetate (4.27 g,
43.6 mmol) was added, and the  mixture was stirred at,
room temperature for 100 minutes. The  reaction
solution was heated to reflux and stirred for 3.5
hours. To the reaction solution, ice water and toluene
were  then added, and this mixture was stirred
overnight at room  



temperature. The mixture was separated into aqueous
and 76  organic layers by the addition of saturated
saline (50 mL)  and toluene (20 mL). Then, the organic
layer was washed with  a 1 N aqueous sodium hydroxide
solution and saturated saline  in this order, then
dried over anhydrous magnesium sulfate,  and then
filtered. This filtrate was added to a reaction
solution prepared by adding sodium hydride (>65% oil,
761.9  mg, 20 mmol) to a tetrahydrofuran solution (50
mL) of tert- butyl dimethoxyphosphorylacetate (4.48 g,
20 mmol) under ice  cooling, and the mixture was
further stirred for 1 hour. The  reaction solution was
separated into aqueous and organic  layers by the
addition of a saturated aqueous solution of  ammonium
chloride and saturated saline. The aqueous layer  was
subjected to extraction with ethyl acetate. These
organic layers were combined, then washed with
saturated  saline, and then dried over anhydrous
magnesium sulfate. The  solvent was distilled off
under reduced pressure, and the  residue was purified
by silica gel column chromatography to  obtain the
compound of interest as a pale yellow oil  substance
(1.32 g, 31%, E/Z mixture). (8-d) Tert-butyl (() - [
(1S, 5R, 6R) -3-ethyl-6-
(nitromethyl)bicyclo[3.2.0]hept-3-en-6-yl]acetate
Tert-butyl ()-[(lS,5?)-3-ethylbicyclo[3.2.0]hepr-3-en
6-ylideneacetate (1.32 g, 5.63 mmol) was dissolved in
r_itromethane (7 mL) . To the solution, 1, 8-
diazabicyclo[5.4.0]undec-7-ene (1.2 mL, 7.3 mmol) was
added,  and the mixture was heated with stirring at 50
to 60C for 7  hours. The mixture was allowed to cool,
and a saturated  aqueous solution of potassium
dihydrogen phosphate was then - 77  added thereto,
followed by extraction with ethyl acetate.  



Then, the organic layer was dried over anhydrous
magnesium  sulfate, and the solvent was distilled
ofl": under reduced  pressure. The residue was
purified by silica gel column  chromatography to
obtain the compound of interest as a  colorless oil
substance (1.39 g, 84%). (8-e) () - [ (1S, 5R, 6R)
-6-aminomethyl-3-
ethylbicyclo[3.2.0]hept-3-en-6-yl]acetic acid
Tert-butyl () - [ (1S, 5R, 6R) -3-ethyl-6
(nitromethyl)bicyclo[3.2.0]hept-3-en-6-ylacetate (1.09
g,  4.71 mmol) was dissolved in ethanol (10 mL) and
water (5 ml,).  To the solution, iron powder (1.32 g,
23.5 mmol) and ammonium  chloride (249.6 mg, 4.71
mmol) were added, and the mixture  was stirred for 2
hours under heating to reflux. The mixture  was
allowed to cool, then diluted with saturated saline, a
saturated aqueous solution of sodium bicarbonate, and
ethyl  acetate, and filtered through Celite to remove
insoluble  matter. The filtrate was separated into
organic and aqueous  layers. The organic layer was
washed with saturated saline  and then dried over
anhydrous magnesium sulfate, and the  solvent was then
distilled off under reduced pressure. To  the residue,
a 4 N hydrochloric acid-ethyl acetate solution  (20
mL) was added, and the mixture was stirred at room
temperature for 1 hour. Then, the solvent was
distilled off  under reduced pressure. The residue was
suspended in  dichloromethane. To the suspension,
triethylamine was added  dropwise, and the resulting
powder was collected by  filtration, then washed with
dichloromethane, and then dried - 78  to obtain the
compound of interest as a white powder (425.1  mg,
43%). [0115]  (Example 9) () - [ (1S, 5R, 6R) -6-am
nnomethyl-3- 



propylbicyclo[3.2.0]hept-3-en-6-yl]acetic acid
(exemplary  compound No: 9) (9-a) Methyl
4-propyl-3-hydroxyhept-6-enoate Sodium hydride (>63%
oil, 2.09 g, 55 mmol) was added to  a tetrahydrofuran
solution (50 ml,) of methyl 3-oxoheptanoate  (7.91 g,
50 mmo l) under ice cooling, and the mixture was
stirred in this state for 25 minutes. To the reaction
solution, n-butyllithium (1.58 M hexane solution, 34.8
mL, 55  mmol) was added dropwise, and the mixture was
further stirred  for 1 hour under ice cooling. Then,
allyl bromide (4.7 mL,  55 mmol) was added thereto,
and the mixture was stirred in  this state for 1 hour
and then further stirred overnight at  room
temperature. To the reaction solution, 1 N
hydrochloric  acid and a saturated aqueous solution of
ammonium chloride  were added, followed by extraction
with ethyl acetate. The  organic layer was washed with
saturated saline and dried over  anhydrous magnesium
sulfate, and the solvent was distilled  off under
reduced pressure. The obtained residue was  dissolved
in methanol (35 mL) . To the solution, sodium
borohydride (0.61 g, 16.1 mmol) was added under ice
cooling,  and the mixture was stirred in this state
for 1 hour. 1 N  hydrochloric acid (50 mL) was added
thereto, and the mixture  was stirred for 30 minutes.
Then, saturated saline was added  thereto, followed by
extraction with ethyl acetate. The - 79  organic layer
was washed with saturated saline and then dried  over
anhydrous magnesium sulfate, and the solvent was
distilled off under reduced pressure. The residue was
purified by silica gel column chromatography to obtain
the compound of interest as a pale yellow oil
substance (3.24 g,  33%, mixture of diastereomers).
(9-b) 4-Propyl-3-hydroxyhept-6-enoic acid 



MethyI 4-propyl-3-hydroxyhept-6-enoate (3.24 g, 16.2
mmol) was dissolved in a 2 N potassium
hydroxide-methanol  solution (16 mL), and the solution
was stirred overnight at  room temperature. From the
reaction solution, the solvent  was distilled off
under reduced pressure. To the residue, a 1 N aqueous
sodium hydroxide solution (150 mL) was then added,
followed by extraction with diethyl ether. The aqueous
layer  was made acidic by the addition of concentrated
hydrochloric  acid under ice cooling, followed by
extraction with diethyl  ether again. The organic
laver was washed with saturated  saline and dried over
anhydrous magnesium sulfate. Then, the  solvent was
distilled off under reduced pressure to obtain  the
compound of interest as a pale yellow oil substance
(2.79  g, 92%, mixture of diastereomers). (9-c)
Tert-butyl ()-(1S,5R)-3-propyl-bicyc.io[3.2.C]hept-3-
en_-6-ylideneacetate 4-Propyl-3-hydroxyhept-6-enoic
acid (2.79 g, 15.0 mmol)  was dissolved in acetic
anhydride (13 mL) To the solution,  potassium acetate
(3.52 g, 36.0 mmol) was added, and the mixture was
stirred at room temperature for 2 hours. The  reaction
solution was heated to 12CC and stirred for 3 hours.
80  To the reaction solution, ice water and n-pentane
were then  added, and this mixture was stirred
overnight at room  temperature. Saturated saline was
added thereto, and the  mixture was separated into
aqueous and organic lavers by the  addition of
n-pentane. Then, the organic laver was washed  with a
1 N aqueous sodium hydroxide solution and saturated
saline in this order and dried over anhydrous
magnesium  sulfate, and the solvent was then distilled
off under reduced  pressure. The residue was dissolved
in tetrahydrofuran (50  mL) The solution was added to
a reaction solution prepared  



in advance by adding sodium hydride (>65% oi-, 761.9
mg, 20  mmol) to a tetrahydrofuran solution (50 mL) of
tert-butyl  dimethoxyphosphorylacetate (4.48 g, 2C
mmol) under ice  cooling, and the mixture was further
stirred for 1 hour. The  reaction solution was
separated into aqueous and organic  layers by the
addition of a saturated aqueous solution of  ammonium
chloride and saturated saline. The aqueous layer  was
subjected to extraction with ethyl acetate. These
organic layers were combined, then washed with
saturated  saline, and then dried over anhydrous
magnesium sulfate. The  solvent was distilled off
under reduced pressure, and the  residue was purified
by silica gel column chromatography to  obtain the
compound of interest as a pale _yellow oil  substance
(1.81 g, 49%, E/Z mixture). (9-d) Tert-butyl () - [
(1S, 5R, 6R) -3-propyl-6-
(nitromethyl)bicyclo[3.2.0]hept-3-en-6-yl]acetate
Tert-butyl () - (1S, 5R) -3-propel-bicyclo [ 3.2.0 ]
hept-3-en 6-ylideneacetate (1.81 g, 7.29 mmol) was
dissolved in - 81  nit romethane (7 mL). To the
solution, 1,8- diazabicyclo[5.4.0]undec-7-ene (1.5 mL,
10.2 mmol) was added,  and the mixture was heated with
stirring at 50 to 60C for 8  hours. The mixture was
allowed to cool, and a saturated aqueous solution of
potassium dihydrogen phosphate was then  added
thereto, followed by extraction with ethyl acetate.
Then, the organic layer was dried over anhydrous
magnesium  sulfate, and the solvent was distilled off
under reduced  pressure. The residue was purified by
silica gel column  chromatography to obtain the
compound of interest as a  colorless oil substance
(2.22 g, 950). (9-e) ()-[(1S,5R,6R)-6-aminomethyl-3-
propylbicyclo[3.2.0]hept-3-en-6-yl]acetic acid  



Ter t-butyl () - [ (ls, 5R, 6R) -3-propyl--6
(nitromethyl)bicyclo[3.2.0]hept-3-en-6-yl]acetate
(1.09 g,  4.71 mmol) was dissolved in ethanol (10 mL)
and water (5 mL).  To the solution, iron powder (1.32
g, 23.5 mmol) and ammonium  chloride (249.6 mg, 4.71
mmol) were added, and the mixture  was stirred for 2
hours under heating to reflux. The mixture  was
allowed to cool, then diluted with saturated saline, a
saturated aqueous solution of sodium bicarbonate, and
ethyl  acetate, and filtered throuch Celite to remove
insoluble matter. The filtrate was separated into
organic and aqueous  layers. The organic layer was
washed with saturated saline  and then dried over
anhydrous magnesium sulfate, and the  solvent was then
distilled off under reduced pressure. To  the residue,
a 4 N hydrochloric acid-ethyl acetate solution  (20
nL) was added, and the mixture was stirred at room 82
temperature for 1 hour. Then, the solvent was
distilled off  under reduced pressure. The residue was
suspended in  dichloromethane. To the suspension,
triethylamine was added  dropwise, and the resulting
powder was collected by  filtration, then washed with
dichloromethane, and then dried  to obtain the
compound of interest as a white powder (425.1  mg,
43%). [0116]  (Example 10) () - [ (1S, 5R, 6R)
-6-aminomethyl-3-
butylbicyclo[3.2.0]her)t-3-en-6-yl]acetic acid
(exemplary  compound Nc: 10) (10-a) Methyl
4-allyl-3-hydroxyoc~~anoate 2-Allylhexanal (J. Org.
Chem. 46, 1980, 5250) (5 g, 33.7  mmol), methyl
bromoacetate (3.7 mL, 40 mmol), and zinc (2.6 g,  4C
mmol) were added to tetrahydrofuran (30 mL) and
trimethyl  borate (15 mL), and the mixture was
vigorously stirred. Then,  



the reaction vessel was placed in an oil bath and
heated to  70C, and the mixture was stirred for 2
hours. The mixture  was allowed to cool, and glycerin
(20 mL) and a saturated  aqueous solution of ammonium
chloride (100 mL) were then  added thereto, followed
by extraction with ethyl acetate. The organic layer
was washed with water and saturated saline  and dried
over anhydrous magnesium sulfate. Then, the  solvent
was distilled off under reduced pressure, and the
residue was purified by silica gel column
chromatography to  obtain the compound of interest
(diastereomeric mixture) as a  colorless oil substance
(6.8 g, 940). (10-b) 4-Allyi-3-hydroxyoctanoic acid 83
Methyl 4-allyl-3-hydroxyoctanoate (6.8 g, 31.7 mmol)
was  dissolved in a 2 N potassium hydroxide-methanol
solution (20  mL), and the solution was stirred
overnight at room  temperature. The reaction solution
was concentrated, then  diluted with water, and washed
with ether. The aqueous  solution was made acidic
using hydrochloric acid, followed by  extraction with
ethyl acetate. The organic layer was washed  with
water and saturated saline and dried over anhydrous
magnesium sulfate. Then, the solvent was distilled off
under  reduced pressure to obtain the compound of
interest as an oil  substance (6.0 g, 30 mmol). This
compound was used in the  next reaction without being
purified. (10-c) Tert-butyl
()-[(lS,SR)-3-butylbicyclo[3.2.0]hept-3-
en_-6-ylidenej acetate A mixed solution of
4-allyl-3-hydroxyoctanoic acid (6.0  g, 30 mmol),
potassium acetate (9.4 g, 96 mmol), and acetic
anhydride (30 mL) was stirred at room temperature for
2 hours  and then stirred for 4 hours under reflux.
The reaction  solution was placed on ice and stirred
overnight, and this  



reaction solution was subjected to extraction with
ether. The ether layer was washed with a saturated
aqueous solution  of sodium bicarbonate and saturated
saline and dried over  anhydrous magnesium sulfate.
This ether solution was added  to a reaction solution
prepared in advance from a  dimethoxyethane solution
(30 mL) of methyl test-butyl-p,p-
dimethylphosphonoacetate (7.8 g, 35 mmol) and sodium
hydride  (>63% oil, 1500 mg, >35 mmol), and the
mixture was stirred  for 1.5 hours. To the reaction
solution, a saturated aqueous 84  solution of ammonium
chloride, saturated saline, and water  were added in
this order, and the reaction solution was  subjected
to extraction with ethyl acetate. The organic  layer
was dried over anhydrous magnesium sulfate and then
filtered. The solvent was distilled off under reduced
pressure, and the residue was purified by silica gel
column  chromatography to obtain the compound of
interest as a pale  yellow oil substance (4.3 g, 51%,
E/Z mixture). (10-d) Tert-butyl () - [ (1S, 5R, 6R)
-3-butyl-6-
nitromethylbicyclo[3.2.0]hept-3-en-6-yl]acetate  The
title compound (4.8 g, 14.8 mmol) was obtained as an
oil substance in the same way as in paragraph (1-c)
using  tert-butyl
(-)-[(1S,5R)-3-butylbicyclo[3.2.0]hept-3-en-6-
ylidene]acetate (4.3 g, 16.4 mmol). (10-e) Tert-butyl
(tert-
butoxycarbonylamino)methyl-3-butylbicyclo[3.2.0]hept-3
-en-6- yl]acetate The title compound (3.63 g, 63%) was
obtained as an oil  substance in the same way as in
paragraph (3-a) using tert- butyl () - [ (1S, 5R, 6R)
-3-butyl-6
nitromethylbicyclo[3.2.0].hept-3-en-6-yl]acetate (4.8
g, 14.8  mmol) . 



(10-f) (-)-[(lS,5R,6R)-6-aminomethyl-3-
butylbicyclo[3.2.0]hept-3-en_-6-yl]acetic acid The
title compound (1.5 g, 70%) was obtained as a white
powder in the same way as in paragraph (3-b) using
tert-butyl
()-[(1S,5R,6R)-6-(tert-butoxycarbonylamino)methyl-3-
butylbicyclo[3.2.0]hept-3-en-6-yl]acetate (3.63 g, 9.1
mmol). 85 - [ 0117 ]  (Example 11)
()-[(1S,5R,6R)-6-aminomethyl-3-
isooropylbicyclo[3.2.0]hept-3-en-6-yl]acetic acid
(exemplary  compound No: 11) (11-a)
2-Isopropylpent-4-ena l Dimethyl sulfoxide (18.70 mL,
263.3 mmol) was added  dropwise over 15 minutes to a
dichloromethane (290 mL)  solution of oxalic acid
chloride (17.30 g, 136.3 mmol) cooled  to -78C, and
the mixture was then stirred at -78C for 15  minutes.
Subsequently, a dichloromethane (75 mL) solution of
2-isopropylpent-4-en-1-ol (11.30 g, 88.1 mmol) was
added  dropwise thereto over 30 minutes, and the
mixture was stirred  at -78C for 1 hour. Trie-hylamine
(62.40 g, 616.7 mmol) was  added dropwise thereto over
5 minutes, and the mixture was  then stirred at room
temperature for 2 hours. The mixture  was neutralized
with 2 N hydrochloric acid (320 mL) The  organic layer
was dried over anhydrous magnesium sulfate.  Then, the
solvent was distilled off under reduced pressure to
obtain a yellow oil substance as a mixture containing
the  compound of interest. This compound was used in
the next  reaction without being further purified.
Methyl 3-hydroxy-4-isopropylhep--6-enoate The
2-isopropylpent-4-enal obtained in paragraph (11-a)
and methyl bromoacetate (16.18 g, 105.8 mmol) were
prepared  



into a tetrahydrofuran (25 mL) solution. An aliquot of
approximately 1/5 of the amount was added to a
trimethyl  borate (25 mL) suspension of zinc powder
(6.92 a, 105.8 mmol).  The mixture was heated to 80C.
Then, the remaining solution 86  was added thereto
over 30 minutes, and the mixture was then  stirred at
80C for 2.5 hours. The mixture was allowed to  cool,
and glycerin(25 mL), a saturated aqueous solution of
ammonium chloride (25 mL), and diethyl ether were then
added  thereto. The obtained organic layer was dried
over anhydrous  magnesium sulfate. The solvent was
distilled off under  reduced pressure, and the residue
was purified by silica gel  column chromatography to
obtain the compound of interest as a  yellow oil
substance (12.30 g, 700). (11-c)
3-Hydroxy-4-isoprop_ylhept-6-enoic acid A 2 N
potassium hydroxide-methanol solution (200 mL) was
added to a methanol (132 ml) solution of methyl
3-hydroxy-4- isopropylhept-6-enoate (12.30 g, 61.5
mmol), and the mixture  was stirred at room
temperature for 13 hours. The solvent  was distilled
off under reduced pressure. To the residue,  water and
diethyl ether were then added, and the aqueous  layer
was neutralized with 2 N hydrochloric acid. Diethyl
ether was added thereto, and the organic layer was
dried over  anhydrous magnesium sulfate. Then, the
solvent was distilled  off under reduced pressure to
obtain the compound of interest  as a brown oil
substance (11.10 g, 97%). (11-d)
()-(lS,5R)-3-isopropylbicyclo[3.2.0]hept-3-en.-6-one
Potassium acetate (14.00 g, 142.7 mmol) was added to
an  acetic anhydride (67 mL) solution of 3-hydroxy-4-
isopropylhept-6-enoic acid (11.10 g, 59.6 mmol), and
the  mixture was stirred at room temperature for 1
hour and then  stirred at 120C for 3.5 hours. The
mixture was trea-ed with  



ice water, followed by extraction with diethyl ether.
The 87  organic layer was washed with a saturated
aqueous solution of  sodium bicarbonate. The organic
layer was dried over  anhydrous magnesium sulfate.
Then, the solvent was distilled  off under reduced
pressure, and the residue was purified by  silica gel
column chromatography to obtain the compound of
interest as a yellow oil substance (6.6 g, 740).
(11-e) Tert-butyl
()-[(1S,5R)-3-isopropylbicyclo[3.2.0]hept-
3-en-6-ylidene] acetate (E/Z mixture) A
tetrahydrofuran (15 mL) solution of tert-butyl
dimethylphosphonoacetate (3.70 g, 16.5 mmol) was added
dropwise at 0C over 20 minutes to a tetrahydrofuran
(15 mL)  suspension of sodium hydride (0.68 g, 63%,
18.0 mmol) , and  the mixture was stirred at 0C for 20
minutes. To this  solution, a tetrahydrofuran (15 mL)
solution of (_)-(1S,5R)
3-isopropylbicyclo[3.2.0]hept-3-en-6-one (2.25 g, 15.0
mmol)  was added dropwise at 0C over 15 minutes, and
the mixture  was stirred at room temperature for 2
hours. The mixture was  treated with water, followed
by extraction with diethyl ether.  The organic layer
was dried over anhydrous magnesium sulfate.  Then, the
solvent was distilled of= under reduced pressure,  and
the residue was purified by silica gel column
chromatography to obtain the compound of interest as a
yellow  oil substance (3.00 g, 81%). (1' -f )
Tert-butyl () - [ (1S, 5R, 6R) -6- (nitromethvl )
isopropylbicycio[3.2. 0]hept-3-er_-6-yl]acetate
Tert-butyl
()-[(1S,5R)-3-isopropylbicyclo[3.2.01hept-3-
en-6-ylidene]acetate (3.00 g, 12.1 mmol) was dissolved
in  nitromethane (30 nil, ). To the solution, 1,8 _ 88
- diazabicyclo[5.4.0]undec-7-ene (2.20 g, 14.5 mmol)
was added,  



and the mixture was stirred at 60C for 5 hours. The
mixture  was allowed to cool, and a saturated aqueous
solution of  potassium dihydrogen phosphate was then
added thereto,  followed by extraction with
dichloromethane. The organic  layer was dried over
anhydrous magnesium sulfate. The  solvent was
distilled off under reduced pressure, and the  residue
was purified by silica gel chromatography to obtain
the compound of interest as a yellow oil substance
(3.00 g,  80%). (11-g) Tert-butyl (-=) - [ (1S, 5R,
6R) -6-aminomethyl-3-
isopropylbicycio[3.2.0]hept-3-en-6-yl]acetate
Tert-butyl ()-[(lS,5R,6R)-6-(nitromethyl)-3
isopropvlbicyclo[3.2.0]hept-37en-6-yl]acetate (3.00 g,
9.70  mmol) was dissolved in ethanol (60 mL). To the
solution,  iron powder (4.47 g, 80.05 mmol) and then
an aqueous ammonium  chloride (0.54 g, 10.00 mmol)
solution (20 mL) were added,  and the mixture was
stirred for 4.5 hours under heating to  reflux. The
mixture was allowed to cool and then filtered  through
Celite to remove insoluble mater. The solution was
concentrated, and the residue was diluted with ethyl
acetate.  The dilution was washed with a saturated
aqueous solution of  sodium bicarbonate and dried over
anhydrous magnesium sulfate.  Then, the solvent was
distilled off under reduced pressure,  and the residue
was purified by silica gel column  chromatography to
obtain the compound of interest as a  colorless oil
substance (2.50 g, 920). 89  (? 1-h) () - [ (1S, 5R,
6R) -6-ami nomethyl-3-
isopropylbicyclo[3.2.0]hept-3-en-6-yl]acetic acid
Tert-butyl ()-[(IS,5R,6R)-6-aminomethyl-3
isopropylbicyclo[3.2.0]hept-3-en-6-yl]acetate (2.50 g,
9.0  mmol) was dissolved in a 4 N hydrochloric
acid-ethyl acetate  



solution (25 mL), and the solution was stirred at room
temperature for 2 hours. Then, the solvent was
distilled off  under reduced pressure. The residue was
suspended by the  addition of dichloromethane. To the
suspension,  triethylamine was then added dropwise,
and the resulting  powder was collected by filtration.
The obtained powder was  washed with dichloromethane
to obtain the compound of  interest as a white powder
(1.01 g, 510). [0118]  ('Example 12) () - [ (1S, 5R,
6R) -6-aminomethyl-3-
isobutylbicyclo[3.2.0]hept-3-en-6-yl]acetic acid
(exemplary  compound No: 13) (12-a)
2-Isobutvlpent-4-en-_-ol 2-isobutyl-4-pentenoic acid
(J. Am. Chem. Soc. 115, 1993,  8669) (13 g, 83 mmol)
was dissolved in tetrahydrofuran (80  mL), and the
solution was added dropwise to a tetrahydrofuran  (80
mL) mixed solution of lithium aluminum hydride (3.4 g,
90  mmol) under ice coo=ing. The mixture was stirred
at this  temperature for 1 hour. Then, water (3.4
m.L), a 15% acrueous  sodium hydroxide solution (3.4
mL), and water (10.2 mL) were  added thereto in this
order, and the mixture was stirred  overnight. After
removal of insoluble matter, the filtrate - 90  was
concentrated to obtain the compound of interest as an
oil  substance (4.9 g, 42%). (12-b)
2-Isobutyl-4-pentenal Oxalyl chloride (5.45 g, 43
mmol) was dissolved in  methylene chloride (50 mL),
and the solution was cooled to - 78C. Then, dimethyl
sulfoxide (6.1 mL) was added dropwise  thereto. To the
mixture, a methylene chloride (40 mL)  solution of
2-isobutylpent-4-en_-i-ol (4 . 9 g, 34 mmol) was
subsequent--y added dropwise, and the mixture was
stirred at  



this temperature for 1 hour. Triethylamine (24 mL) was
added  thereto, and the mixture was brought to room
temperature. A  saturated aqueous solution of ammonium
chloride was added  thereto. The organic layer was
separated, washed with water  and saturated saline,
then dried, and then concentrated to  obtain the
compound of interest-as an oil substance. This
compound was used in the next reaction without being
purified.  (12-c) Methyl
3-hydroxy-2-isobutyl-6-heptenoate The compound of
interest (4.5 g, 61%) was obtained as an  oil
substance (diastereomeric mixture) in the same way as
in  paragraph (10-a) using 2-isobutyl-4-pentenal.
(12-d) 3-Hvdroxy-2-isobutyl-6-heptenoic acid The
compound of interest (4.3 g) was obtained as an oil
substance in the same way as in paragraph (10-b) using
methyl  3-hydroxy-2-isobutyl-6-heptenoate (4.5 g, 21
mmol). This  compound was used in the next reaction
without being purified.  (12-e) Tert-butyl
()-(1S,5R)-[3-isobutylbicyclo[3.2.0]hept-
3-en-6-ylidene]ace`k_ate 91  The compound of interest
(3.7 g, 67%) was obtained as an  oil substance (E/Z
mixture) in the same way as in paragraph  (10-c) using
3-hydroxy-2-isobutyl-6-heptenoic acid (4.3 g).  (12-f)
Tert-butyl ()-[(IS,5R,6R)-3-isobutyl-6
nitromethylbicyclo[3.2.0] kept-3-en-6-yl]acetate The
compound of interest (3.8 g, 84%) was obtained as an
oil substance in the same way as in paragraph (10-c)
using  tert-butyl () - (1S, 5R) - [3-isobutylbicyclo
[3. 2 . 0] h.ept-3-en-6- ylidene]acetate (3.7 g, 14
mmol). (12-g) Tert-butyl () - [ (1S, 5R, 6R) -6-
(ter-- butoxycarbonvlamino)methyl-3-isobutylbicyclo [
3 .2 . 0 ] hept-3-er.- 6-yl] acetate The compound of
interest (2.7 g, 54%) was obtained as an  



oil substance in the same way as in paragraph (3-a)
using  tert-butyl () - [ (1S, 5R, 6R) -3-isobutyl-6-
nitromethylbicyclo[3.2.0]hept-3-en-6-yl]acetate (3.8
g, 12  mmo l) . (12-h) (-) - [ (1S, 5R, 6R)
-6-aminomethyl-3-
isobutylbicyclo[3.2.0]hept-3-en-6-yl]acetic acid The
title compound (1.C g, 62%) was obtained as a white
powder in the same way as in paragraph (3-b) using
tert-butyl
()-[(1S.,5R,6R)-6-(ter--butoxycarbonylamino)methyl-3-
isobutylbicycio[3.2.0]hept-3-en-6-yl]acetate (2.7 g,
6.8 mmo l) .  [0119]  (Example 13) ()-
(1S,5R,6R)-6-aminomethyl-3-sec-
butylbicyclo[3.2.0]hept-3-en-6-yl]acetic acid
(exemplary  compound No: 12) - 92 - (13-a) Ethyl
2-sec-butylpent-4-enoate Lithium chloride (9.67 g,
228.1 mmol) and water (2.05 mL,  113.9 mmol) were
added to a dimethyl sulfoxide (60 mL)  solution of
diethyl allyl(sec-butyl)malonate (30.90 g, 120.5
mmol) , and the mixture was stirred at 185C for 6
hours. The  mixture was treated with water, followed
by extraction with  diethyl ether. The organic layer
was dried over anhydrous  magnesium sulfate. Then, the
solvent was distilled off under  reduced pressure to
obtain the compound of interest as a  brown oil
substance. This compound was used in the next
reaction without being purified. (13-b)
2-Sec-butylpent-4-en-l-ol A tetrahydrofuran (50 mL)
solution of ethyl 2-sec- butylpent-4-enoate was added
dropwise over 30 minutes to a  tetrahydrofuran (120
mL) solution of lithium aluminum hydride  (4.79 g,
126.3 mmol) cooled to 0C, and the mixture was then  



stirred at 0C for 1 hour and then stirred at room
temperature for 2 hours. The mixture was cooled again
to 0C.  Ethyl acetate (55.4 mL), water (44.7 mL),
tetrahydrofuran  (83.1 mL), and sodium fluoride (53.0
g) were added thereto,  and the mixture was stirred
for 1.5 hours. The mixture was  filtered through
Celite to remove insoluble matter. Then, the solution
was concentrated, and the residue was purified  by
silica gel column chromatography to obtain the
compound of  interest as a colorless oil substance
(12.20 g, 690). (13-c) 2-Sec-butvlpent-4-enal Dimethyl
sulfoxide (18.20 mL, 256.4 mmol) was added  dropwise
over 15 minutes to a dichloromethane (280 mL) - 93
solution of oxalic acid chloride (16.90 g, 133.1 mmol)
cooled  to -78C, and the mixture was then stirred at
-78C for 25  minutes. Subsequently, a dichloromethane
(75 mL) solution of  2-sec-butylpent-4-en_-1-o1 (12.20
g, 85.8 mmol) was added  dropwise thereto over 30
minutes, and the mixture was stirred  at -78C for I
hour. Triethylamine (60.80 g, 600.8 mmol) was  added
dropwise thereto over 5 minutes, and the mixture was
then stirred at room temperature for 2 hours. The
mixture  was neutralized with 2 N hydrochloric acid
(310 mL) . The  organic layer was dried over anhydrous
magnesium sulfate.  Then, the solvent was distilled
off under reduced pressure to  obtain a yellow oil
substance as a mixture containing the  comoound of
interest. This compound was used in the next  reaction
without being further purified. (13-d) Methyl
3-hydroxy-4-sec-butylpent-6-enoate
2-Sec-butylpent-4-enal and methyl bromoacetate (15.74
g,  102.9 mmol) were Drepared into a tetrahydrofuran
(25 mL)  solution. An aliquot of approximately 1/5 of
the amount was  added to a trimethyl borate (25 mL)
suspension of zinc powder  



(6.73 g, 102.9 mmol). The mixture was heated to 80C.
Then,  the remaining solution was added thereto over
30 minutes, and  the mixture was then stirred at 80C
for 2.5 hours. The  mixture was allowed to cool, and
glycerin (25 mL), a  saturated aqueous solution of
ammonium chloride (25 mL), and  diethyl ether were
then added thereto. The obtained organic  layer was
dried over anhydrous magnesium sulfate. The  solvent
was distilled off under reduced pressure, and the
residue was purified by silica gel column
chromatography to - 94  obtain the compound of
interest as a yellow oil substance  (14.40 g, 78%).
(13-e) 3-Hydroxy-4-sec-bucylhept-6-enoic acid Methyl
3-hydroxy-4-sec-bucvlhept-6-enoate (14.40 g, 67.2
mmol) was dissolved in a 2 N potassium
hydroxide-methanol  solution (200 mL), and the
solution was stirred at room.  temperature for 13.5
hours. The solvent was distilled off  under reduced
pressure. To the residue, water and diethyl  ether
were then added, and the aqueous layer was neutralized
with 2 N hydrochloric acid. Diethyl ether was added
thereto,  and the organic laver was dried over
anhydrous magnesium  sulfate. Then, the solvent was
distilled off under reduced  pressure to obtain the
compound of interest as a yellow oil  substance (12.70
g, 94%). (13-f)
()-(1S,5R)-3-sec-butylbicyclo[3.2.0]heot-3-en-6-one
Potassium acetate (14.90 g, 151.8 mmol) was added to
an  acetic anhydride (71 mL) solution of
3-hydroxy-4-sec butylhept-6-enoic acid (12.70 g, 63.5
mmol), and the mixture  was stirred at room
temperature for 1 hour and then stirred  at 120C for
3.5 hours. The mixture was treated with ice  water,
followed by extraction with diethyl ether. The
organic layer was washed with a saturated aqueous
solution of  



sodium bicarbonate. The organic layer was dried over
anhydrous magnesium sulfate. Then, the solvent was
distilled  off under reduced pressure, and the residue
was purified by  silica ge_ column chromatography to
obtain the compound of  interest as a yellow oil
substance (6.70 g, 64%). 95  (13-g) Tert-butyl
()-[(1S,5R)-3-sec-butylbicyclo[3.2.0]hept-
3-en-6-ylidene]acetate (E/Z mixture) A tetrahydrofuran
(15 mL) solution of tert-butyl
dimethylphosphonoacetare (3.70 g, 16.5 mmol) was added
dropwise at 0C over 20 minutes to a tetrahydrofuran
(15 mL)  suspension of sodium hydride (0.68 g, 63%,
18.0 mmol), and  the mixture was stirred at 0C for 20
minutes. To this  solution, a tetrahydrofuran (15 mL)
solution of ()-(1S,5R)-
3-sec-butylbicyclo[3.2.0]hept-3-en-6-one (2.48 g, 15.1
mmol)  was added dropwise at 0C over 15 minutes, and
the mixture  was stirred at room temperature for 2
hours. The mixture was  treated with water, followed
by extraction with diethyl ether.  The organic layer
was dried over anhydrous magnesium sulfate.  Then, the
solvent was distilled off under reduced pressure,  and
the residue was purified by silica gel column
chromatography to obtain the compound of interest as a
yellow  oil substance (3.10 g, 78%). (13-h) Tert-butyl
(=)-[(1S,5R,6R)-6-(nitromethyl)-3-sec-
butylbicycio[3.2.0]hept-3-en-6-y:]acetate  Tert-butyl
()-[(1S,5R)-3-sec-butylbicyclo[3.2.0]hept-3
en-6-ylidene]acetate (3.10 g, 11.8 mmol) was dissolved
in  nitromethane (30 mL). To the solution, 1,8-
diazabicycio[5.4.0]undec-7-ene (2.20 g, 14.5 mmol) was
added,  and the mixture was stirred at 60C for 5
hours. The mixture  was allowed to cool, and a
saturated aqueous solution of  potassium dihydrogen
phosphate was then added thereto,  



followed by extraction with dichloromethane. The
organic  layer was dried over anhydrous magnesium
sulfate. The 96  solvent was distilled off under
reduced pressure, and the  residue was purified by
silica gel chromatography to obtain  the compound of
interest as a yellow oil substance (3.28 g,  86%).
(13-i) Tert-butyl ()-[(lS,5R,6R)-6-aminomethyl-3-sec-
butylbicyclo[3.2.0]hept-3-en-6-yl]acetate  Tert-butyl
()-[(lS,5R,6R)-6-(nitromethyl)-3-sec
butylbicyclo[3.2.0]hept-3-en-6-yl]acetate (3.28 g,
10.2 mmol)  was dissolved in ethanol (60 mL). To the
solution, iron  powder (4.47 g, 80.0 mmol) and then an
aqueous ammonium  chloride (0.54 g, 10.0 mmol)
solution (20 mL) were added, and the mixture was
stirred for 4.5 hours under heating to reflux.  The
mixture was allowed to cool and then filtered through
Celite to remove insoluble matter. The solution was
concentrated, and the residue was diluted with ethyl
acetate.  The dilution was washed with a saturated
aqueous solution of  sodium bicarbonate and dried over
anhydrous magnesium sulfate.  Then, the solvent was
distilled off under reduced pressure,  and the residue
was purified by silica gel column  chromatography to
obtain the compound of interest as a  colorless oil
substance (2.26 g, 750). (13-j)
()-:(1S,5R,6R)-6-aminomethyl-3-sec-
butylbutylbicyclo[3.2.0]hept-3-en-6-yl]acetic acid
Tert-butyl ()-[(1S,5R,6R)-6-aminomethyl-3-sec
butylbicyclo[3.2.0]hept-3-en-6-yl]acetate (2.26 g, 7.7
mmol)  was dissolved in a 4 N hydrochloric acid-ethyl
acetate  solution (30 mL), and the solution was
stirred at room  temperature for 2 hours. Then, the
solvent was distilled off 97  



under reduced pressure. The residue was suspended by
the  addition of dichloromethane. To the suspension,
triethylamine was then added dropwise, and the
resulting  powder was collected by filtra__on. The
obtained powder was  washed with dichloromethane to
obtain the compound of  interest as a white powder
(0.98 g, 540). [0120]  (Example 14)
()-(lS,5R,6R)-6-aminomethyl-3-
cyclopentylbicyclo[3.2.0]hept-3-en-6-yl]acetic acid
(exemplary compound No: 15) (14-a) Ethyl
2-cyclopentylpent-4-enoate Lithium chloride (3.60 g,
84.9 mmol) and water (0.76 mL,  41.9 mmol) were added
to a dimethyl sulfoxide (20 mL)  solution of diethyl
allyl (cyclopentyl) malonate (10.10 g, 37.7  mmol),
and the mixture was stirred at 185C for 6 hours. The
mixture was treated with water, followed by extraction
with  diethyl ether. The organic layer was dried over
anhydrous  magnesium sulfate. Then, the solvent was
distilled off under  reduced pressure to obtain the
compound of interest as a  brown oil substance (6.10
g, 84%). (14-b) 2-Cyclopenryipent-4-en-l-ol A
tetrahydrofuran (15 mL) solution of ethyl 2-
cyclopentylpent-4-enoate (6.10 g, 31.6 mmol) was added
dropwise over 20 minutes to a tetrahydrofuran (40 mL)
solution of lithium aluminum. hydride (1.21 g, 31.9
mmol)  cooled to 0C, and the mixture was then stirred
at 0C for I  hour and then stirred at room temperature
for 2 hours. The  mixture was cooled again to 0C.
Ethyl acetate (14.0 mL), 98  water (11.3 mL),
tetrahydrofuran (21.0 mL), and sodium  fluoride (13.4
g) were added thereto, and the mixture was  stirred
for I hour. The mixture was filtered through Celite  



to remove insoluble matter. Then, the solution was
concentrated, and the residue was purified by silica
gel  column chromatography to obtain the compound of
interest as a  colorless oil substance (3.50 g, 560).
(14-c) 2-Cvclopentylpent-4-enal Dimethyl sulfoxide
(4.82 mL, 67.9 mmol) was added  dropwise over 15
minutes to a dichloromethane (75 mL)  solution of
oxalic acid chloride (4.47 g, 35.2 mmol) cooled  to
-78C, and the mixture was when stirred at -78C for 30
minutes. Subsequently, a dichloromethane (20 mL)
solution of  2-cvclopen=yloent-4-er.-1-o= (3.50 g,
22.7 mmol) was added  dropwise thereto over 15
minutes, and the mixture was stirred  at -78C for 45
minutes. Triethylamine (16.11 g, 159.3 mmol)  was
added dropwise thereto over 5 minutes, and the mixture
was then stirred at room temperature for 2 hours. The
mixture was neutralized with I N hydrochloric acid
(160 mL).  The organic laver was dried over anhydrous
magnesium sulfate.  Then, the solvent was distilled
off under reduced pressure to  obtain a yellow oil
substance as a mixture containing the  compound of
interest. This compound was used in the next  reaction
without being further purified. (14-d) Methyl
3-hydroxv-4-cyclopentylhept-6-enoate The
2-cyclopentylpent-4-enal obtained in the preceding
paragraph and methyl bromoacetate (4.22 g, 27.6 mmol)
were  prepared into a tetrahvdroiuran (12 mL)
solution. An aliquot 99 _ of approximately 1/5 of the
amount was added to a trimethyl  borate (12 mL)
suspension of zinc powder (1.81 g, 27.6 mmol).  The
mixture was heated to 80 Then, the remaining solution
was added thereto over 30 minutes, and the mixture was
then  stirred at 80C for 2.5 hours. The mixture was
allowed to  cool, and glycerin (6 mL), a saturated
aqueous solution of  



ammonium chloride (6 mL), and diethyl ether were then
added  thereto. The obtained organic layer was dried
over anhydrous  magnesium sulfate. The solvent was
distilled off under  reduced pressure, and the residue
was purified by silica gel  column chromatography to
obtain the compound of interest as a  yellow oil
substance (4.00 g, 770). (14-e)
3-Hydroxy-4-cyclopentylhept-6-enoic acid Methyl
3-hydroxy-4-cyclopentylhepr-6-enoate (4.00 g,  17.7
mmol) was dissolved in a 2 N potassium hydroxide-
methanol solution (53 ml), and the solution was
stirred at  room temperature for 1.5 hours. The
solvent was distilled  off under reduced pressure. To
the residue, water and  diethyl ether were then added,
and the aqueous layer was  neutralized with 2 N
hydrochloric acid. Diethyl ether was  added thereto.
The organic layer was dried over anhydrous  magnesium
sulfate. Then, the solvent was distilled of= under
reduced pressure to obtain the compound of interest as
a  yellow oil substance (4.00 g (including the
residual  solven-L-)) . (14-f)
3-Cyclopentylbicvclo[3.2.0]hept-3-en-6-one  Potassium
acetate (4.16 g, 42.4 mrnol) was added to an  acetic
anhydride (20 mL) solution of 3-hydroxy-4 100 -
cyclopentylhept-6-enoic acid (4.00 g, 17.7 mmol at the
maximum) , and the mixture was stirred at room
temperature for  1 hour and then stirred at 120C for
3.5 hours. The mixture  was treated with ice water,
followed by extraction with  diethyl ether. The
organic layer was washed with a saturated  aaueous
solution of sodium bicarbonate. The organic layer  was
dried over anhydrous magnesium sulfate. Then, the
solvent was distilled off under reduced pressure, and
the  residue was purified by silica gel column
chromatography to  



obtain the compound of interest as a yellow oil
substance  (2.30 g, 74%). (14-g) Tert-butyl
()-[(1S,5R)-3-
cyclopentylbicyclo[3.2.0]hept-3-en-6-ylidene]acetate
(E/Z  mixture) A tetrahydrofuran (15 mL) solution of
tert-butyl  dimethylphosphonoacetate (3.21 g, 14.4
mmol) was added  dropwise at 0C over 15 minutes to a
tetrahydrofuran (15 mL)  suspension of sodium hydride
(0.59 g, 63%, 15.7 mmol), and  the mixture was stirred
at 0C for 25 minutes. To this  solution, a
tetrahydrofuran (15 mL) solution of 3-
cyclopentylbicyclo[3.2.0]hept-3-en-6-one (2.30 g, 13.1
mmol)  was added dropwise at 0C over 10 minutes, and
the mixture  was stirred at room temperature for 16
hours. The mixture  was treated with water, followed
by extraction with diethyl  ether. The organic layer
was dried over anhydrous magnesium  sulfate. Then, the
solvent was distilled off under reduced  pressure, and
the residue was purified by silica gel column 101
chromatography to obtain the compound of interest as a
yellow  oil substance (3.30 g, 92%). (14-h) Tert-butyl
() - [ (1S, 5R, 6R) -6- (nitromethyl) -3-
cyclopentylbicyclo[3.2.0] hept-3-en-6-vl]acetate
Tert-butyl
()-[(lS,5R)-3-cyclopentylbicyclo[3.2.0]hept-
3-en-6-ylidene]acetate (3.30 g, 12.0 mmol) was
dissolved in  nitromethane (30 mL) To the solution,
1,8- diazabicyclo[5.4.Ojundec-7-ene (2.20 g, 14.5
mmol) was added,  and the mixture was stirred at 60C
for 5 hours. The mixture  was allowed to cool, and a
saturated aqueous solution of  potassium dihydrogen
phosphate was then added thereto,  followed by
extraction with dichloromethane. The organic  layer
was dried over anhydrous magnesium sulfate. The  



solvent was distilled off under reduced pressure, and
the  residue was purified by silica gel chromatography
to obtain  the compound of interest as a yellow oil
substance (3.50 g,  87%). (14-i) Tert-butyl () - [
(lS, 5R, 6R) -6-aminomethyl-3-
cyclopentylbicvclo[3.2.0]hent-3-en-6-yl]acetate
Tert-butyl ()-[(1S,5R,6R)-6-(nitromethyl)-3
cyclopentylbicyclo[3.2.0]hept-3-en-6-yl]acetate (3.30
g, 9.8  mmol) was dissolved in ethanol (60 mL) . To
the solution,  iron powder (4.47 g, 80.0 mmol) and
then an aqueous ammonium  chloride (0.54 g, 10.0
zrLmol) solution (20 mL) were added, and  the mixture
was stirred for 4.5 hours under heating to reflux.
The mixture was allowed to cool and then filtered
through  Celite to remove insoluble matter. The
solution was  concentrated, and the residue was
diluted with ethv_ acetate. 102  The dilution was
washed with a saturated aqueous solution of  sodium
bicarbonate and dried over anhydrous magnesium
sulfate.  Then, the solvent was distilled off under
reduced pressure,  and the residue was purified by
silica gel column  chromatography to obtain the
compound of interest as a  colorless oil substance
(2.00 g, 670). (14-j) () - [ (1S, 5R, 6R)
-6-aminomethyl-3-
cyclopentylbicyclo[3.2.0]hept-3-en-6-yl]acetic acid
Tert-butyl () - [ (1S, 5R, 6R) -6-aminomethyl-3
cyclopentylbicyclo[3.2.0]heot-3-en-6-y_]acetate (2.00
g, 6.5  mmol) was dissolved in a 4 N hydrochloric
acid-ethyl acetate  solution (30 mL), and the solution
was stirred at room  temperature for 2 hours. Then,
the solvent was distilled off  under reduced pressure.
The residue was suspended by the  addition of
dichloromethane. To the suspension,  triethylamine was
then added dropwise, and the resulting  



powder was collected by filtration. The obtained
powder was  washed with dichloromethane to obtain the
compound of  interest as a white powder (0.70 g, 430).
[0121]  (Example 15) () - [ (1S, 5R, 6R) -6-ami
nomethvl-3- allylbicyclc 'L 3. 2. 01 kept-3-en-6-y1]
aceti c acid (exemplary  compound No: 14) (15-a)
4-Allylhepta-2,6-dienoic acid Lithium aluminum hydride
(0.74 g, 20 mmol) was added to  a tetrahydrofurar_
solution (30 mL) of ethyl 2-allylpent-4- ene-acetate
(2.20 g, 13.1 mmol) under ice cooling, and the
mixture was stirred in this state for 1 hour. To the
103  reaction solution, a 1 N aqueous sodium hydroxide
solution  (10 mL) was added, and the mixture was
stirred at room  temperature for 1 hour and then
filtered through Celite. The  filtrate was diluted
with saturated saline and ethyl acetate  and separated
into aqueous and organic layers. The organic  laver
was washed with saturated saline and dried over
anhydrous magnesium sulfate, and the solvent was
distilled  off under reduced pressure. A
dichloromethane solution (20  mL) of oxaiyl chloride
(1.6 mL, 13.1 mmol) was added dropwise  to a
dichloromethane solution (10 mL) of dimethyl sulfoxide
(2.7 mL, 19.5 mmol) under cooling to -78C. To the
reaction  solution, a dichloromethane (10 mL) solution
of the above- obtained residue was added, and this
mixture was stirred at - 78C for 1 hour. To the
reaction solution, -riethylamine  (7.1 m.L, 52.4 mmol)
was added, and the mixture was stirred at  room
temperature for 1 hour. 1 N hydrochloric acid and
saturated saline were added thereto, followed by
extraction  with ethyl acetate. The organic layer was
washed with  saturated saline and then dried over
anhydrous magnesium  



sulfate, and the solvent was distilled off under
reduced  pressure. The obtained residue was dissolved
in pyridine  (2.3 mL). To the solution, malonic acid
(1.55 g, 14.95 mmol)  and pyrrolidine (0.43 mL) were
added, and the mixture was  stirred overnight at room
-emperature and further stirred for  6 hours under
hea-inc to reflux. The mixture was allowed to  cool,
then dilu-ed with a 2 N aqueous sodium hydroxide
solution, and then washed with dimethyl ether. The
aqueous  layer was made acidic using concentrated
hydrochloric acid 104  under ice cooling, followed by
extraction with diethyl ether.  The organic layer was
washed with saturated saline and dried  over anhydrous
magnesium sulfate. The solvent was distilled  off
under reduced pressure to obtain the compound of
interest  as a pale yellow oil substance (1.49 g,
78%). (15-b) Tert-butyl
()-(1S,5R)-3-allylbicycio[3.2.0]hept-3-en-
6-ylideneacetate 4-Allylhepta-2,6-dienoic acid (2.00
g, 12.0 mmol) was  dissolved in benzene (5 mL). To the
solution, oxalyl  chloride (7.01 g, 55.2 mmol) was
added under ice cooling, and  the mix-L-ure was
stirred in this state for 1 hour. The  mixture was
further stirred at room temperature for 30  minutes,
then heated to 80C, and stirred for _ hour. Then,  the
solvent was distilled off under reduced pressure. To
the  residue, toluene was added, and the solvent was
distilled of  again under reduced pressure. The
residue was dissolved in  toluene (20 mL). This
solution was added dropwise to a  toluene solution (30
mL) of triethylamine (4.41 g, 43.68  mmol) heated in
advance to reflux, and the mixture was  further
stirred for 2.5 hours. The reaction solution was
allowed to cool, then diluted with saturated saline
and ethyl  acetate, and filtered through Xelite. The
filtrate was  



separated into aqueous and organic layers. Then, the
organic  layer was washed with 1 N hydrochloric acid
and saturated  saline in this order, then dried over.
anhydrous magnesium  sulfate, and then filtered. This
filtrate was added to a  reaction solution prepared in
advance by adding sodium  hydride (>65% oil, 457.1 mg,
12 mmol) to a tetrahvdrofuran - 105  solution (20 mL)
of tert-butyl dimethoxyphosphorylacetate  (3.03 g, 12
mmol) under ice cooling, and the mixture was  stirred
for 1 hour. The solvent was distilled off under
reduced pressure to obtain the compound of interest as
a pale yellow oil substance (0.63 g, 160, E/Z
mixture).  (15-c) Tert-butyl () - [ (1S, 5R, 6R)
-3-allyl-6- (nitromethvl)bicvclo[3.2.
(nitromethvl)bicvclo'3.2.0]hept-3-en-6-y-] acetate
Ter---butyl () - (lS, 5R) -3-allylbicyclo [3.2. 0]
hept-3-en_-6- ylideneacetate (0.63 g, 2 mmol) was
dissolved in nitromerhane  (5 mL). To the solution,
1,8-diazabicyclo[5.4.0]undec-7-ene  (0.45 mL, 3 mmol)
was added, and the mixture was heated with  stirring
at 50 to 60C for 7 hours. The mixture was a'-lowed  to
cool, and a saturated aqueous solution of potassium
dihydrogen phosphate was then added thereto, followed
by  extraction with ethyl acetate. Then, the organic
layer was  dried over anhydrous magnesium. sulfate,
and the solvent was  distilled off under reduced
pressure. The residue was  purified by silica gel
column chromatography to obtain the  compound of
interest as a colorless oil substance (367.0 mg,
60%1/. (15-d) () - [ (1S, 5R, 6R) -3-al ly_-6-
(aminomethyl)bicycio[3.2.0]inepr-3-en-6-y=]acetic acid
Tert-butyl () - [ (1S, 5R, 6R) -3-a~lyl-6 (n
4tromethyl)b_cvclo[3.2.01hept- en-6-y1l]acetate (335.2
mg,  1.09 mmol) was dissolved in ethanol (10 mL) and
water (5 mL)  



To the solution, iron powder (611.0 mg, 10.9 mmol) and
ammonium chloride (57.8 mg, 1.09 mmol) were added, and
the  mixture was stirred for 2 hours under heating to
reflux. The - 106  mixture was allowed to cool, then
diluted with saturated  saline, a saturated aqueous
solution of sodium bicarbonate,  and ethyl acetate,
and filtered through Celite to remove  insoluble
matter. The filtrate was separated into organic  and
aqueous layers. The organic layer was washed with
saturated saline and then dried over anhydrous
magnesium  sulfate, and the solvent was then distilled
off under reduced  pressure. To the residue, a 4 N
hydrochloric acid-ethyl  acetate solution (10 mL) was
added, and the mixture was  stirred at room
temperature for _ hour. Then, the solvent  was
distilled off under reduced pressure. The residue was
suspended in dichloromethane. To the suspension,
triethylamine was added dropwise, and the resulting
powder  was collected by filtration, then washed with
dichloromethane,  and then dried to obtain the
compound of interest as a white  powder (68.5 mg,
28%). [0122]  (Example 16) () - [ (1S, 5R, 6S)
-6-aminomethyl-5- methylbicyclo[ 3.2.
0]hept-3-en-6-yl]acetic acid (exemplary  compound No:
6) (16-a) Ethyl 2-methv--3-oxohept-6-enoate Ethyl
2-methyl-3-oxobutanoate (10 mL, 70.7 mmol) was  added
dropwise to an anhydrous tetrahydrofuran suspension of
sodium hydride (2.83 g, 74.2 mmol) with stirrinc under
ice  cooling. The mixture was stirred for 15 minutes
in this bath.  Thera, n-butyllithium (1.59 N hexane
solution, 45.3 mL, 72.1  mmol) was added dropwise
thereto, and the mixture was further  stirred for 30
minutes. Then, ally' bromide (6.73 mL, 77.7 



107  mmol) was added dropwise thereto. After removal
of the ice  bath, the mixture was stirred for 2 hours,
and the reaction  was then terminated by pouring
dilute hydrochloric acid to  the reaction solution.
The reaction solution was subjected  to extraction
with ethyl acetate. The organic laver was  washed with
water, saturated aqueous sodium bicarbonate, and
saturated saline and dried over anhydrous magnesium
sulfate,  and the solvent was then distilled off under
reduced pressure.  The obtained residue was purified
by silica gel column  chromatography to obtain the
compound of interest as a pale  yellow oil (7.67 g).
(16-b) Ethyl 3-hydroxy-2-methylhept-6-enoate Sodium
borohydride (2.48 g, 65.7 mmol) was added to a
methanol (200 mL) solution of ethyl
2-methyl-3-oxohept-6- enoate (12.1 g, 65.7 mmol) with
stirring under ice cooling.  The mixture was stirred
for 30 minutes in this bath, further  stirred at room
temperature for 2 hours, and then  concentrated under
reduced pressure to remove the solvent.  The residue
was diluted with dilute hydrochloric acid,  followed
by extraction with ethyl acetate. The organic layer
was washed with water, saturated aqueous sodium
bicarbonate,  and saturated saline, then dried over
anhydrous magnesium  sulfate, and then concentrated
under reduced pressure. The  obtained residue was
purified by silica gel column  chromatography to
obtain the compound of interest as a  colorless oil
(6.11 g). (16-c) 3-Hvdroxy-2-methylhept-6-enoic acid
108  Ethyl 3-hydroxy-2-methylhept-6-enoate (6.11 g,
32.8  mmol) was dissolved in a 2 N potassium
hydroxide-methanol  solution (100 mL), and the mixture
was stirred at room  



temperature for 2 hours and then left overnight. The
methanol was distilled off under reduced pressure, and
the  residue was diluted with water, then washed with
methylene  chloride, and then neutralized with dilute
hydrochloric acid.  The aqueous laver was subjected to
extraction with ethyl  acetate, and the extract was
washed with water and saturated  saline and dried over
anhydrous magnesium sulfate. Then, the  solvent was
distilled o=f under reduced pressure to obtain  the
compound of interest as a pale yellow oil (5.46 g).
(16-d)
()-(lS,SR)-5-methylbicyclo[3.2.0]hept-3-en-6-one A
mixed solution of 3-hydroxy-2-methylhept-6-enoic acid
(5.45 g, 34.5 mmol), potassium acetate (7.0 g, 71.3
mmol),  and acetic anhydride (30 mL) was stirred at
room temperature  for 1.5 hours and then stirred for 3
hours under conditions  of heating to reflux. The
reaction solution was left  overnight, then diluted
with ethyl acetate, washed with water,  saturated
aqueous sodium bicarbonate, and saturated saline,  and
then dried over anhydrous magnesium sulfate. The
solvent  was distilled off under reduced pressure, and
the obtained  residue was purified by silica gel
column chromatography to  obtain the compound of.
interest as a pale yellow oil (810 mg)  (16-e)
Tert-butyl (-) - [ (1S, 5R) -5-methyl-bi(_-oulo [3.2.
Oi hept.-3- en-6-ylidene] acetate An anhydrous
tetrahydrofuran solution (2 mL) of () - (lS,SR)-
methylbicyclor3.2.0]hept-3-en-6-one (800 mg, 6.55 109
mmol) was added dropwise with stirring under ice
cooling to a  reaction solution prepared in.advance
from an anhydrous  tetrahydrofuran solution (10 mL) of
tert-butyl  dimethylphosphorylacetate (1.28 g, 6.55
mmo') and sodium  hydride (>63% oil, 245 mg, 6.55
mmol) , and the mixture was  then stirred for 1 hour
in this bath and further stirred at  



room temperature for 2 hours. The reaction solution
was  diluted with an aqueous citric acid solution,
followed by  extraction with ethyl acetate. The
organic laver was washed  with water, saturated
aqueous sodium bicarbonate, and  saturated saline and
dried over anhydrous magnesium sulfate.  Then, the
solvent was distilled off under reduced pressure,  and
the obtained residue was purified by silica gel column
chromatography to obtain the compound of interest as a
colorless oil substance (389 mg). (16-= ) Tert-butyl
() - [ (1S, 5R, 6S) -6-cyano-5-methyl-
bicyclo[3.2.0]hept-3-en-6-yl]acetate  Tert-butyl
(=)-[(1S,5R)-5-methyl-bicyclo[3.2.Oil hept-3
en-6-ylidene]acetate (300 mg, 1.36 mmol) and potassium
cyanide (89 mg, 1.36 mmol) were mixed at room
temperature in  anhydrous dimethyl sulfoxide (2 mL),
and the mixture was  stirred for 2 hours and then left
overnight. The mixture was  further stirred for 10
hours in an oil bath at 100 and then  left overnight.
The reaction solution was diluted with ethyl  acetate,
then washed with. water and saturated saline, and
dried over anhydrous magnesium sulfate. Then, the
solvent  was distilled off under reduced pressure, and
the obtained  residue was purified by silica gel
column chromatography to 110  obtain the compound of
interest as a colorless oil (128 mg).  In this
procedure, a by-product tert-butyl ()-[(1S,5R,6R)-6-
cyano-5-methyl-bicyclo[3.2.0]hept-3-en-6-y1]ace-ate
was  obtained as a colorless oil (45 mg). (16-g)
Tert-butyl () - [ (1S, 5R, 6S) -6- (tert-
butoxycarbonylaminomethyl'),-5-me-hvlbicvcio[3.2.0]hep
c-3-en-6- yl]acetate Sodium borohydride (134 mg, 3.54
mmol) was added in  small portions to a methanol (5
mL) solution of tent-butyl  



()-[(lS,5R,6S)-6-cvane-5-methyl-bicyclo[3.2.0]hept-3-e
rr-6- yl ]acetate ( 125 mg, 0.51 mmol nickel (III) ~
g, ) ~ ~ _1 ~ chloride hexahydrate (12 mg, 0.05 mmol),
and (Boc) 20 (221 mg, 1.01  mmol) with stirring at
room temperature, and the mixture was  then stirred at
room temperature for 2 hours. The reaction  solution
was diluted with ethyl acetate and saturated aqueous
sodium bicarbonate and filtered to remove insoluble
matte:.  Then, the organic laver was washed with
saturated saline and  dried over anhydrous sodium
sulfate. The solvent was  distilled off under reduced
pressure, and the residue was  purified by silica gel
column chromatography tc obtain the  compound of
interest as a colorless oil substance (123 mg).
(16-h) ()-[(IS,5R,6S)-6-aminomethy--5-methvl-
bicyclo[3.2.0]hept-3-en-6-yl]acetic acid Tert-butyl ()
- [ (1S, 5R, 6S) -6- (tert-
bu-.oxycarbonvlaminomethvl)-5-me-hylbicvclo[3.2.0]hept
-3-e^-6- yl]acetate (120 mg, 0.34 mmol) was dissolved
in a 4 N  hydrochloric acid-ethyl acetate solution (2
mL), and the  solution was stirred at room temperature
for 3 hours and then - 111 -. concentrated under
reduced pressure. The residue was  dissolved in
methylene chloride (2 mL). To the solution,
triethylamine (0.048 mL, 0.34 mmol) was added dropwise
at  room temperature, and the mixture was stirred for
2 hours.  The resulting powder was collected by
filtration and dried to obtain the compound of
interest as a white solid (22 mg).  [0123] (Example
17) (-) - [ (1S, 5R, 6R) -6-aminomethyl-2-
methylbicyclo[3.2.0]hept-3-en-6-yl]acetic acid
(exemplary  compound No: 3) (17-a) Methyl
5-methyl-3-hydroxy-6-heptenoate The title compound was
obtained as an oil substance (3.4  



g, 33%) in the same way as in paragraph (10-a) using
3-methyl  -4-pentenal (5 g, 59 mmol). (17-b)
5-Methyl-3-hydroxy-6-heptenoic acid The title compound
was obtained as an oil substance  (2.23 g, 74%) in the
same way as in paragraph (10-b) using  methyl
5-methyl-3-hydroxy-6-heptenoate (3.4 g, 19 mmol)  This
compound was used in the next reaction without being
purified. (17-c) Tert-butyl () - (1S, 5R) -
[2-methylbicyclo [ 3 . 2 . 0] hept-3- en-6-ylidene]
acetate The title compound (zrmajor:rrinor=3:1, E/Z
mixture) was  obtained as an oil substance (1.9 g,
61%) in the same way as  in paragraph (10-c) using
5-methvj-3-hydroxy-6-heptenoic acid  (2.23 g, 14 mmol)
. (17-d) Tert-butyl () - [ (1S, 5R, 6R) -2-methyl-6-
nitromethylbicyclo[3.2.0]hept-3-en-6-yl]acetate 112
The -~itle compound (1.9 g, 80 mmol) was obtained as
an  oil substance in the same way as in paragraph
(1-c) using  tert-butyl
()-(lS,SR)-[2-methylbicyclo[3.2.0]hept-3-en-6-
ylidene]ace-,ate (1.9 g, 14 mmol). (17-e) Tert-butyl
() - [ (1S, 5R, 6R) -6- (tert-
butoxycarbonviamino)methyl-2-methylbicyclo[3.2.0]hept-
3-en-6- yl ] acetate The title compound (2.3 g, 99%)
was obtained as an oil  substance in the same way as
in paragraph (3-a) using tert- butyl () - [ (1S, 5R,
6R) -2-methyl-6 nitromethylbicyclo
<.2.0]hept-3-en-6-y1]acetate (1.9 g, 6.7 J  mmol)
(i7-=) ()-[(1S,5R,6R)-6-aminomethyl-2-
methylbicyclo[3.2.0]hept-3-en-6-yl]acetis acid 



The title compound (major:minor=3:11, 0.68 g, 520) was
obtained as a white powder in the same wav as in
paragraph  (3-b) using tert-butyl (1)-[(1S,5R,
6R)-6-(tert-
butoxycarbonvlamino)methyl-2-methylbicyclo[3.2.0.hept-
3-en-6- yl]acetate (2.3 g, 6.7 mmol). [0124]  (Example
18) () - [ (1R, 5R, 6R) -3- (acetoxymethyl) -6-
(aminometnvl)bicyclo'3. 2.C1 hept-3-en-6-v-'ace-ic
acid  (exemplary compound No: 16) (18-a) Ethy
3-hydroxy-4-{[(4-methoxybenzyl)oxy]methyl}hept-
6-eroate A methylene chloride solu-ion (10 mL), cS
titanium  tetrachloride (0.97 mL, 8.88 mmol) and [(_
ethoxyviny') oxv] (trimethyl) silane (j. Fun. Chem.
Soc. 20C3, 113  125, 5644) was added to a methylene
chloride solution (80 mL)  of
2-{[(4-methoxybenzyl)oxy]meth.yl}pen--4-enal
(Tetrahedron:  Asymmetry 2001, 12, 3223) (1.98 g, 8.46
mmol) with stirring  at -78C, and the mixture was
stirred at this temperature for  1.5 hours. The
reaction was terminated by the addition of a
saturated aqueous solution of sodium bicarbonate (100
mL) and  water (100 mL), followed by extraction with
methylene  chloride. The organic laver was washed with
a saturated  aqueous solution of sodium bicarbonate,
water, and saturated  saline and dried over anhydrous
sodium sulfa-e. The residue  was filtered and
concentrated under reduced pressure. Then,  the
obtained crude product was purified by silica gel
column  chromatography to obtain the compound of
interest as an oil  substance (1.31 g, 48%). (18-b)
3-Hydroxv-4-{[(4-methoxybenzyl)oxy]methyi}kept-6-enoic
acid The compound of interest was obtained as an oil  



substance (1.20 g, >99%) in the same way as in
paragraph (7- b) from ethyl
3-hvdroxy-4-{[(4-methox_vbenzyl)oxv]methyl}hep--
6-enoate (1.31 g, 4.06 mmol). (18-c) Tert-butyl (=) -
[ (1R, 5R) -3-{ [ (4-
methoxybenzyl)oxvjmethyl}bicycio[3.2.Olhept-3-en-6- yl
i dene ] acetate The compound of interest was obtained
as an oil  substance (1.00 g, 69%) in the same way as
in paragraph (7-c)  from
3-hydroxy-4-{[(4-methoxybenzyl)oxyjmethyl}hept-6-enoic
acid (1.20 g, 4.06 mmol). 114  (18-d) Tert-butyl () -
[ (1R, 5R, 6R) -3- { [ (4-
methoxybenzyl)oxy]methyl}-6-(nitromethyl)bicycio[3.2.0
]hept- 3-en-6-yl] acetate The compound of interest was
obtained as an oil  substance (1.02 g, 87%) in the
same way as in paragraph (1-c)  from tert-butyl () - [
(1R, 5R) 3-1 F [ (4-
methoxybenzyl)oxy]methyl}bicyclo[3.2.0]hept-3-en-6-
ylidene]acetate (1.00 g, 2.80 mmol). (18-e) Tert-butyl
()-[(1R,5R,6R)-6-{[(tert-
butoxycarbonyl)amino]methyl}-3-{[(4-
methoxybenzyl)oxyjmethyl}bicyclo[3.2.0]hept-3-en-6-vl]
acetate The compound of interest was obtained as an
o--"-L  substance (1.19 g, >99%) in the same way as in
paragraph (3- a) from tert-butyl (--) - [ (1R, 5R, 6R)
-3-{ [ (4-
methoxvbenzyl)oxy]methyl}-6-(nitromethyl)bicycio[3.2.0
]hept- 3-er_-6-yi]acetate (1.02 g, 2.44 mmol). (18-f)
Tert-butyl () - r (1R, 5R, 6R) -6- { [ (tert-
butoxvcarbonyl)amino]methy_;-3-
(hydroxvmethyl)bicyclo[3.2.0]hept-3-en-6-yl]acetate
Water (1.4 mL).and 2,3-dichloro-5,6-dicvano-1,4-
benzoquinone (831 mg, 3.66 mmol) were added to a
methylene  



chloride s o I u -ion ( 2 5 ir:-W) o= tert-butyl Z - )
:(4-
methoxybenzyl)oxy]methyl}bicvclo[3..2.0]hept-3-en-6-v1
]aceta~--e  (1.19 g, 2.44 mmol) with stirring at 0C.
The mixture was  stirred at this temperature 0C for 1
hour and further  stirred at room temperature for 1
hour. Then, the reaction  was terminated by the
addition of a saturates aqueous 115  solution of
sodium. bicarbonate, followed by extraction with
methylene chloride. The organic layer was washed with
water,  a saturated aqueous solution of sodium
bicarbonate, and  saturated saline and dried over
anhydrous sodium sulfate.  The residue was filtered
and concentrated under reduced  pressure. Then, the
obtained crude product was purified by  silica gel
column chromatography to obtain the compound of
interest as an oil substance (571 mg, 64%). (18-g) (1)
- (1R, 5R, 6R) -3- (acetoxvmethyl) -6-
(aminomethyl)bicyclo[3.2.0]hept-3-en-6-yl]acetic acid
The compound of interest was obtained as a white solid
(85.2 mg, 45%) in the same way as in paragraph (3-b)
from  tert-butyl (tert- butoxycarbonyl)am
nno]methyl}-3-
(hydroxymethyl)bicyclo[3.2.0]hepr~-3-en-6-yl]acetate
(275 mg,  0.75 mmol) . [0125]  (Example 19) () - [
(lR, 5R, 6R) -6-aminomethyl-3-
(methoxymethyl)bicyclo3.2.0]heipt-3-en-6-yl]acetic
acid  (exemplary compound No: 17) (19-a) Methyl
(2E)-4-({ [tert-
butyl(dimethyl)s-lyl]oxy}methyl)hepta-2,6-dienoate
Dimethyl sulfoxide (4.71 mL, 66.3 mmol) was added to a
methylene chloride solution (70 mL) of oxalyl chloride
(2.84  mL, 33.2 mmol) with stirring at -78C, and the
mixture was  



stirred at this temperature for 5 minutes. Then, a
methylene  chloride solution (30 mL) of 2-({[tert-
butyl(dimethyl)s_lyl]oxy}methyl)pen--4-en-l-ol (J.
Chem. Soc., 116  Perkin Trans. 1 1991, 2073) (5.10 g,
22.1 mmol) was added  thereto. The mixture was stirred
at this temperature for 15  minutes. Then,
triethylamine (12.3 mL, 88.4 mmol) was added  thereto,
and the mixture was heated to room temperature and
stirred. The mixture was separated into aqueous and
organic  layers by the addition of 0.1 N hydrochloric
acid. The organic layer was washed with 0.1 M
hydrochloric acid, water,  and saturated saline and
then dried over anhydrous magnesium  sulfate. The
residue was filtered and concentrated under reduced
pressure, and the obtained residue was dissolved in
toluene (50 mL). To the solution,
(methoxycarbonylmethylene)triphenylphosphorane (11.1
g, 33.2  mmol) was added, and the mixture was stirred
at room  temperature for 4 hours and further stirred
at 60C for 2  hours. The reaction solution was
concentrated under reduced  pressure, then filtered
through Celite, and concentrated  again under reduced
pressure. Then, the obtained crude  product was
purified by silica gel column chromatography to
obtain the compound of interest as an oil substance
(5.69 g,  910). (19-b)
(2E)-4-({[tert-butyl(dimethyl)silyl]oxy}methyl)hepta-
2,6-dienoic acid Lithium hydroxide monohydrate (2.52
g, 60.0 mmol) was  added to a
tetrahydrofuran:methanol:water (3:1:1, 100 .mL)  mixed
solution of methyl (2E) -4- ({ [tert
butyl(dimethyl)silyl]oxy}methyl)hepta-2,6-dienoate
(5.69 g,  20.0 mmol), and the mixture was stirred at
room temperature  for 6 hours. The reaction solution
was concentrated under 



117  reduced pressure. To the residue, water was then
added,  followed by extraction with methylene
chloride. The aqueous  laver was made acidic by the
addition of 10% hydrochloric  acid, followed by
extraction with methylene chloride again.  Then, the
combined organic layers were dried over anhydrous
sodium sulfate. The residue was filtered and
concentrated  under reduced pressure. Then, the
obtained crude product was  purified by silica gel
column chromatography to obtain the  compound of
interest as an oil substance (3.11 g, 57%).  (19-c)
Tert-butyl () - [ (1R, 5R) -3- ({ [tert-
buty=(dimethyl)s_ly=]oxy}melt-iyl)bicvclo[3.2.0]hept-3
-er_-6- ylidene] acetate The compound of interest was
obtained as an oil  substance (2.03 g, 500)_n the same
way as in paragraph (1-b)  from
(2-E-)-4-({[tert-butyl(dimethyl)sily'oxy}methyl)hepta-
2,6-dienoic acid (3.11 g, 11.5 mmol) (19-d) Tert-but
yl R,SR)-3- (hydroxymethyl)bicyclo[3.2.0]
hept-3-en-6-ylidene]acetate  Tetrabutyl ammonium
fluoride (1.0 M te-rahydrofurar.  solution, 8.69 mL,
8.69 mmol) was added to a tetrahydrofuran solution (15
mL) of tert-butyl (T) - (1R, 5R) -3- ({ [tert  '-
butyl(dimethyl)silyl]oxy}methyl)bicyclo[3.2.0]hept-3-e
n-6 ylidene]acetate (2.03 g, 5.79 mmol), and the
mixture was  stirred at room temperature for 2 hours.
To the reaction  solution, water was added, followed
by extraction with ethyl acetate. Then, the organic
laver was washed with water and  saturated saline and
dried over anhydrous sodium sulfate.  The residue was
filtered and concentrated under reduced - 118
pressure. Then, the obtained Crude product was
purified by  



silica gel column chromatography to obtain the
compound of  interest as an oil substance (1.29 g,
940). (19-e) Tert-butyl
()-[(1R,5R,6R)-3-(methoxymethyl)-6-
(nitromethvl)bicyclo[3.2.0]hept-3-en-6-yl]acetate
Methyl iodide (2.03 mL, 32.6 mmol) and silver (r)
oxide (1.62 g, 6.99 mmol) were added to a methylene
chloride  solution ( 6.0 mL) of tert-butyl ()-[(1R
5R)-3-
(hydroxymethyl)bicyclo[3.2.0]hept-3-en-6-ylidene]aceta
te (550  mg, 2.33 mmol), and the mixture was stirred
at room  temperature for 40 hours. The mixture was
filtered through  Celite and concentrated under
reduced pressure. Then, the  residue was dissolved in
nitromethane (4.5 mL). To the  solution,
1,8-diazabicyclo[5.4.0]undec-7-ene (0.70 mL, 4.66
mmol) was added, and the mixture was stirred at 60C
for 7  hours. To the reaction solution, a saturated
aqueous  solution of potassium: dihydrogen phosphate
was added,  followed by extraction with ethyl acetate.
The organic layer  was washed with a saturated aqueous
solution of potassium  dihydrogen phosphate and
saturated saline and dried over  anhydrous sodium
sulfate. The residue was filtered and  concentrated
under reduced pressure. Then, the residue was
purified by silica gel column chromatography to obtain
the  compound o` interest as an oil substance (368 mg,
51%) (19-f) Tert-butyl . () - [ (1R, 5R, 6R) -6-1 [
(tert- bu-oxycarbonyl)amino]methyl;-3-
(methoxvmeth_yl)bicvclo[3.2.0]hept-3-en-6-yl]acetate
119  The compound of interest was obtained as an oil
substance (450 mg, >99%) in the same way as in
paragraph (3- a) from tert-butyl
()-[(1R,5R,6R)-3-(methoxymethyl)-6-
(nitromethyl)bicyclo[3.2.0]hept-3-en-6-yl]acetate (368
mg, i . 18 mmol) . 



(19-g) () - [ (1R, 5R, 6R) -6-aminomethyl-3-
(methoxymethyl)bicyclo[3.2.0]hept-3-en-6-yl]acetic
acid  The compound of interest was obtained as a white
solid (143 mg, 53%) in the same way as in paragraph
(1-e) from (-L)- (1R, 5R, 6R) -6-aminomethyl-3
(methoxymethy_)bicyclo[3.2.0]hept-3-en-6-yl]acetic
acid (450  mg, 1.18 mmol). [0126]  (Example 20) () - [
(1S, 5R, 6R) -6-aminomethyl-3, 4-
dimethylbicyclo[3.2.0]hept-3-en-6-yl]acetic acid p-
toluenesulionate (p-toluenesulfonate of the compound
of  exemplary compound No: 19) (20-a) Methyl
3-hydroxy-3,4-dimethyl-6-heptenoate The compound of
interest (11.7 g, 60%) was obtained as  an oil
substance (diastereomeric mixture) in the same way as
in paragraph (10-a) using 3-methyl-5-hexen-2-one (17
g, 106  mmol). (20-b)
3-hvdroxy-3,4-dimethyl-6-heptenoic acid The compound
of interest (10.1 g) was obtained as an oi=  substance
in the same way as in paragraph (10-b) using methyl
3-hydroxy-3,4-dimethyl-6-heptenoate (11.7 g, 63 mmol).
This  compound was used in the next reaction without
being purified. - 120 - (20-c) Tert-butyl ()- (1S, 5R)
- [3, 4-
dimethylbicyclo[3.2.0]heot-3-en-6-ylidene]acetate The
compound of interest (4.2 g, 33%) was obtained as an
oil substance (E/Z mixture) in the same way as in
paragraph  (10-c) using
3-hydroxy-3,4-dimethyl-6-heptenoic acid (10.1 g).
(20-d) Ter:-butyl () - [ (1S, 5R, 6R) -3, 4-dime
t.hyl-6-
nitromethylbicyclo[3.2.0]hept-3-en-6-y1]acetate The
compound of interest (4.5 g, 85%) was obtained as an
oil substance in the same way as in paragraph (1-c)
using  



tert-butyl (-) - (I S, 5R - [ 3, 4-dimethylbicyclo [
3.2.0 ; hept-3-er_- 6-ylidene]acetate (4.2 g, 18
mmol). (20-e) Tert-butyl (1) - (=S, 5R, 6R) -6- (tert-
butoxycarbonylamino)methyl-3,4-dimethylbicyclo[3.2.0]h
ept-3- en-6-yl]acetate The compound of interest (5.6
g, 99%) was obtained as an  o_l substance in the same
way as in paragraph (3-a) using  tert-butyl () - [
(1S, 5R, 6R) -3, 4-dimethyl-6-
nitromethylbicycio[3.2.0]hept-3-er.-6-y1]acetate (4.5
g, 15  mmol). (20-f) (1) - [ (1S, 5R, 6R)
-6-aminomethyl-3, 4-
dimethylbicyclo[3.2.0]hept-3-en-6-yl]acetic acid p-
zoluenesulfonate Tert-butyl () - [ (1S, 5R, 6R) -6-
(tert- butoxycarbonylamino)methyl-3,4-dimethylbicyclo[
3. 2.0 hep--3-.  en-6-yl]acetate (4.0 g, 11 mmol) and
p-toluenesulfonic acid  monohydrate (2.5 g, 13 mmol)
were suspended in toluene (30  mL) and thioanisole
(3.8 mL), and the suspension was stirred  at 80C for 2
hours. The reaction solution was concentrated, 121
and the resulting oil substance was treated with ethyl
acetate and hexane to obtain the title compound (2.3
g, 55%)  as a white powder. [0127]  (Example 21)
[(lS,5S,6S)-6-am nnomet'nyl-3-
ethylbicyclo[3.2.0]hept-3-en-6-yl]acetic acid
(exemplary  compound No: 8, optically active form of
the compound of  Example 8) H NH2  COOH  CH3 



H  (21-a) Resolution of tert-butyl () - [ (1R, 5S, 6S)
-3-ethyl-6-
(nitromethyl)bicyclo[3.2.0]hept-3-en-6-y=]acetate
Tert-butyl ()-[(1R,5S, 6S)-3-ethyl-6-
(nitromethyl)bicvclo[3.2.0]hept-3-en-6-yl]acetare (230
g, 778  mmol) was resolved using Chiralpak IC
(N-Hex:EtOH=98:2, 1.0  mL/min, 40C) manufactured by
Daicel Chemical Industries, Ltd.  to respectively
obtain 115 g of a peak 1 (retention time: 5.2  min)
and 93.7 g of a peak 2 (retention time: 6.3 min).
(21-b) Tert-butyl ([(1R,5S,6S)-6-(rert-
butoxycarbonyiamino)methyl-3-ethylbicyclo[3.2.
0]hept-3-en-6- yl]acetate Ter---butyl
[(1R,5S,6S)-3-ethyl-6-
(nitromethyl)bicvclo[3.2.0]hept-3-en-6-yl]acetate
(peak 1,  7.0 g, 23.7 mmol) was dissolved in ethanol
(60 mL) and water 122  (21 mL) To the solution, iron
powder (13.27 g, 237 mmol)  and ammonium chloride
(628.1 mg, 11.9 mmol) were added, and  the mixture was
stirred for 5.5 hours under heating to reflux.  The
mixture was allowed to cool, then diluted with
saturated  saline, a saturated aqueous solution of
sodium bicarbonate,  and ethyl acetate, and filtered
through Celite to remove  insoluble matter. The
filtrate was separated into organic and aqueous
layers. The organic layer was washed with  saturated
saline and then dried over anhydrous magnesium
sulfate. Then, the solvent was distilled off under
reduced  pressure to obtain a pale yellow oil
substance (7.02 g).  This substance was dissolved in
dichloromethane (200 mL). To  the solution, (Boc)20
(5.25 g, 25 mmol) and triethylamine  (5.01 g, 50 mmol)
were added, and the mixture was stirred  overnight at
room temperature. The solvent was distilled off  under
reduced pressure, and the residue was then purified by



silica ge_ chromatography to obtain the title compound
of  interest as a pale yellow oil substance (8.82 g,
<100o).  (21-c)
[(1R,5S,6S)-6-aminomethy=-3-ethylbicyclo[3.2.O]hept-3-
en-6-yl]acetic acid A 4 N hydrochloric acid-ethy-L
acetate solution (100 mL)  was added to tert-butyl
(1R, 5S, 6S) - [ 6- (tert-
butoxycarbonvlaminomethyl)-3-ethvlbicvclo-3.2.O]heDt-3
-en-6- yl]acetate (9.82 g, 23.7 mmol), and the mixture
was stirred  at room temperature for 1 hour. Then, the
solvent was  distilled off under reduced pressure. The
residue was  dissolved in dichloromethane. To the
solution, triethylamine  was added dropwise, and the
resulting powder was collected by 123  filtration,
then washed with dichloromethane, and then dried  to
obtain 4.02 g of a white powder. This powder was
washed  with ethanol and ethyl acetate to obtain the
title compound  of interest as a white powder (2.14 g,
43%). [0128]  (Example 22)
[(lR,5S,6S)-6-aminomethyl-3-
ethylbicyclo[3.2.0]hept-3-en-6-yl]acetic acid p-
toluenesulfonate (exemplary compound No: 8, p-
toluenesulfonate of the compound of Example 21)  H
COON  CH3 = TsOH H  Tert-butyl
[(lR,5S,6S)-6-(tert-butoxycarbonylamino)methyl-3-
ethylbicyclo[3.2.0]hept-3-en-6-yl]acetate (1152.23 g,
391.6  mmol) was dissolved in benzene (1.2 L) To the
solution,  thioanisole (145.57 g, 1173 mmol) and
p-toluenesulfonic acid  monohydrate (89.39 g) were
then added, and the mixture was  



stirred for 2 hours under reflux. The mixture was left
standing overnight at room temperature, and the
resulting  powder was collected by filtration. The
obtained powder was  washed with ethyl acetate and
then dried to obtain the  compound of interest as a
white powder (88.29 g, 59%) [C129] - 124 - (Example
23) [(1S,5R,6R)-6-aminomethyl-3-
ethylbicycio[3.2.0]hept-3-en-6-yl]acetic acid
(exemplary  compound No: 8, optical isomer of the
compound of Example 21)  H NH2  '//"/ COOH  CH; H
[0130] (23-a) Tert-butyl [ (1S, 5R, 6R) -6- (ter--
butoxycarbonylamino)methyl-3-ethylbicycio[3.2.0]hept-3
-en-6- yl]acetate Tert-butyl [ (lS, 5R, 6R) -6-
(nitromethyl) -3-
ethylbicyclo[3.2.0]hept-3-en-6-yl]acetate (peak 2,
6.90 g,  23.36 mmol) was dissolved in ethanol (80 mL)
and water (2C  mL). To the solution, iron powder (6.52
g, 116.8 mmol) and  ammonium chloride (1.25 g, 23.36
mmol) were added, and the  mixture was stirred for 4.5
hours under heating to re-Flux.  The mixture was
allowed to cool and then filtered through  Celite to
remove insoluble matter. To the filtrate, (Boc)20
(15.30 g, 70.08 mmol) was added, and the filtrate was
then  made basic (pH>9) using a 2 N sodium hydroxide
solution and  stirred at room temperature for 2 hours.
The solution was  concentrated, and the residue was
diluted with ethyl acetate.  The dilution was washed
with water and saturated saline and  



dried over anhydrous magnesium sulfate. Then, the
solvent  was distilled off under reduced pressure, and
the residue was - 125  purified by silica gel column
chromatography to obtain the  compound of interest as
a colorless oil substance (8.51 g,  99%) (23-b)
[(lS,5R,6R)-6-aminomethyl-3-ethylbicyclo[3.2.0]hept-3-
en-6-yl]acetic acid Tert-butyl [ (1S, 5R, 6R) -6- [
(tert-
bu-oxycarbonylamino)methyl-3-ethylbicyclo[3.2.0]hept-3
-en-6- yl]acetate (8.54 g, 23.36 mmol) was dissolved
in a 4 N  hydrochloric acid-ethyl acetate solution
(100 mL), and the  solution was stirred at room
temperature for 2 hours. Then,  the solvent was
distilled off under reduced pressure. The  residue was
suspended by the addition of dichloromethane. To  the
suspension, triethylamine was -her. added dropwise,
and  the resulting powder was collected by filtration.
The  obtained powder was washed with dichloromethane
and then  washed with isopropanol-ethyl acetate to
obtain the compound  of interest as a white powder
(2.7 g, 550). [0131]  (Example 24)
()-j(1R,5R,6R)-6-aminomethyl-3-
[(methylth=o)methv-]bicyclo[3.2.0]hep--3-en-6-yl}aceti
c acid  (exemplary compound No: 18) (24-a) Tert-butyl
() - [ (1R, 5R, 6R) -3- (hydroxymethyl) -6-
(nitromethyl)bicyclo[3.2.0]hept-3-en-6-yl]acetate  The
compound of interest was obtained as an oil substance
in the same way as in paragraph (1-c) from the
tert-butyl ()-(1R,
5R)-3-(hydroxymethyl)bicycio[3.2.0]hept-
3-en-6-ylidenelacetate (726 mg, 3.07 mmol) produced in
paragraph (19-d). 126  



(24-b) Tert-butyl (1R, SR,
6R)-3-[(methylthio)me1hyl]-6-
(nitromethyl)bicyclo[3.2.0]hept-3-en-6-yl]acetate
Triphenyiphosphine (1.85 g, 7.05 mmol) and carbon
tetrachloride (0.78 mL, 8.14 mmol) were added to a
dimethylformamide solution (8.0 mL) of tert-butyl ()-
[ (1R, 5R, 6R) -3- (hydroxymethyl) -6-
(nitromethyl)bicyclo[3.2.0]hept-3-en-6-yl]acetate (807
mg,  2.71 mmol), and the mixture was stirred at room
temperature  for _ hour. To the reaction solution,
water was added,  followed by extraction with diethyl
ether. The organic layer  was washed with saturated
saline and then dried over  anhydrous sodium sulfate.
The residue was filtered and  concentrated under
reduced pressure. Then, the obtained  crude product of
tert-butyl ()-[(lR,5R,6R)-3-(chioromethyl)- 6-(nit
romethyl)bicyclo1. 3.2.0]hept-3-er_-6-y1]acetate was
dissolved in dime thylformamide (10 mL). To the
solution,  sodium thiomethoxide (570 mg, 8.14 mmol)
was added with  stirring at 0C, and the mixture was
stirred at this  temperature for 4 hours. The reaction
solution was diluted  with ethyl acetate and separated
into aqueous and organic  layers. The organic layer
was washed with a 1 M aqueous  sodium: hydroxide
solution, water, and saturated saline and  then dried
over anhydrous sodium sulfate. The residue was
filtered and concentrated under reduced pressure.
Then, the  obtained crude product was purified by
silica gel column  chromatography to obtain the
compound of interest as an oil  substance (632 mg,
710). - 127  (24-c) Tert-butyl () -{ (1R, 5R, 6R) -6-{
[ (tert- butoxycarbonyl)amino]methyl}-3-
[(methylthio)methyl]bicyclo[3.2.0]hept-3-en-6-yl}aceta
te The compound of interest was obtained as an oil  



substance (755 mg, 98%) in the same way as in to
paragraph  (3-a) from tent-butyl ()-[(1R,5R,6R)-
3-[(methylthio)methvl]-
6-(nitromethvl)bicyclo[3.2.0]hept-3-en-6-yl]acetate
(632 mg,  1.93 mmoi). (24-d) ()-{ (1R, 5R, 6R)
-6-aminomethyl-3-
[(methylthio)methyl]bicyclo[3.2.0]hept-3-en-6-yl}aceti
c acid  The compound of interest was obtained as a
white solid (342 mg, 75%) in the same way as in
paragraph (1-e) from  tert-butyl () - { (1R, 5R, 6R)
-6- { [ (tert butoxycarbonyl)am nno]methyl}-3-
[(methylthio)methvl]bicyclo[3.2.0]hept-3-en-6-yl}aceta
-e (755  mc, 1.90 mmol). [0132]  (Example 25)
[(1R,5S,6S)-6-aminomethyl-3-
methylbicyclo[3.2.0]hept-3-en-6-vl]acetic acid
(exemplary  compound No: 4, optically active form of
the compound of  Example 7) H NH,  CH3 COOH - 128
(25-a) Resolution of tert-butyl () - [ (1R, 5S, 6S)
-3-methyl-6-
(nitromethvl)bicyclo[3.2.0]hept-3-en-6-yl]acetate
Tert-butyl ()-[(1R, 5S,6S)-3-methyl-6 (nit
rome~hyl)bicyclo[3.2.0]hept-3-en-6-yl]ace-at e (15 g)
was  resolved using Chiralpak IC (N-Hex:EtOH=98:2, 1.0
mL/min,  40C) manufactured by Daicel Chemical
Industries, Ltd. to  respectively obtain 5.5 g of a
peak 1 (retention time: 6.1  min) and 5.2 g of a peak
2 (retention time: 7.7 min) (25-b) Tert-buty_ [ (1R,
5S, 6S) -6- (tert-
butoxycarbonylamino)methyl-3-methylbicyclo[3.2.0]hept-
3-en-6- yl]acetate 



Ter--butyl [(1R,5S,6S)-3-methyl-6-
(nitromethyl)bicyclo[3.2.0]hept-3-en-6-yl]acetate
(peak 1,  5.5 g, 19.5 mmol) was dissolved in ethanol
(40 mL). To the  solution, Raney nickel (1.2 g) was
added. To the mixture,  hydrazine monohydrate (3.9 g,
78.2 mmol) was added with  stirring, and the mixture
was stirred overnight at room  temperature. The
catalyst was filtered off, and the filtrate  was then.
concentrated. The residue was diluted with ethyl
acetate, washed with water and saturated saline, then
dried,  and then concentrated. The residue was
dissolved in ethanol  (50 mL) To the solution,
di-tert-butyl dicarbonate (8.53 g,  39.1 mmol) was
added, and the mixture was stirred at room
temperature for 2 hours. The reaction solution was
concentrated, and the residue was washed with water
and  saturated saline, then dried, and then
concentrated. The  residue was purified by silica gel
column chromatography (100 - 129  g) to obtain the
compound of interest as an oil substance  (6.8 g,
99%). (25-c) [ (1R, 5S, 6S)
-6-aminomethyl-3-methylbicycio[3.2.0]hept-
3-en-6-yl]acetic acid benzenesulfonic acid Tert-butyl
[(1R,5S,6S)-6-(terr butoxycarbonylamino)
methyl-3-methylbicyclo[3.2.0]hept-3-er_-6- yl]acetate
(6.8 g, 13.9 mmol) and benzenesulfonic acid
monohydrate (3.79 g, 21 mmol) were added to benzene
(40 mL'),  and the mixture was heated with stirring
for 2 hours. The  resultinc solid was collected by
filtration to obtain the  compound of interest as a
white solid (5.6 g, 81%). (25-d)
[(1R,5S,6S)-6-aminomethyl-3-methyibicycio[3.2.0]hept-
3-en-6-yl]acetic acid
[(1R,5S,6S)-6-tert-butoxycarbonylaminomethyl-3-
methylbicyclo[3.2.0]hept-3-en-6-yl]acetic acid  



benzenesulfonic acid (5.6 g, 15.8 mmol) was suspended
in  methylene chloride (50 mL). To the suspension,
triethylamine  (4.4 ml, 31.7 mmol) was added, and the
mixture was stirred at  room temperature for 1 hour.
The resulting solid was  collected by filtration and
washed with isopropanol to obtain  the compound of
interest as a white solid (2.4 g, 770). [0133]
(Example 26) [(1R,5S,6S)-6-aminomethyl-3-
methylbicyclo[3.2.0]hept-3-en-6-yl]acetic acid
(exemplary  compound No: 4, optically active form of
the compound of  Example 7 differing in production
process from that of  Example 25) 130  H CH3 COON
(26-a) Tert-butyl [ (IS, 5R, 6R) -6- (tert-
butoxycarbonylamino)methyl-3-methylbicyclo[3.2.0]hept-
3-en-6- yl ] acetate Tert-butyl
[(1S,5R,6R)-3-methyl-6-
(nicromethyi)bicyclo[3.2.0]hept-3-en-6-yl]acetate
(peak 2,  5.2 g, 18.5 mmol) was dissolved in ethanol
(40 mL) . To the  solution, Raney nickel (1.2 g) was
added. To the mixture,  hydrazine monohydrate (3.7 g,
74.1 mmol) was added with  stirring, and the mixture
was stirred overnight at room  temperature. The
catalyst was filtered off, and the =iltrare  was then
concentrated. The residue was diluted with ethyl
acetate, washed with water and saturated saline, then
dried,  and then concentrated. The residue was
dissolved in ethanol  (50 mL). To the solution,
di-tert-butyl dicarbonate (7.99 g,  36.6 mmol) was
added, and the mixture was stirred at room
temperature for 2 hours. The reaction solution was
concentrated, and the residue was washed with water
and  



saturated saline, then dried, and then concentrated.
The  residue was purified by silica gel column
chromatography (100  g) to obtain the compound of
interest as an oil substance  (6.4 g, 99%). (26-b)
[(lS,SR,6R)-6-aminomethyl-3-meth_ylbicyclo[3.2.0]hent-
3-en_-6-yl]acetic acid benzenesulfonic acid 131 -
Tert-butyl [ (1S, 5R, 6R) -6- (tert
butoxycarbonylamino)methyl-3-methylbicyclo[3.2.0]hept-
3-en_-6- yl]acetate (6.4 g, 18.2 rnmol) and
benzenesulfonic acid  monohydrate (3.53 g, 20 mmol)
were added to benzene (40 mL),  and the mixture was
heated with stirring for 2 hours. The  resulting solid
was collected by filtration to obtain the  compound of
interest as a white solid (5.8 g, 900). (26-c)
[(1S,5R,6R)-6-aminomethyl-3-methylbicyclo[3.2.0]hept-
3-en-6-yl]acetic acid [(1S,5R,6R)-6-tert-but
oxycarbonylaminomethyl-3-
methylbicyclo[3.2.0]hept-3-en-6-yl]acetic acid
benzenesulfonic acid (5.8 g, 16.4 mmol) was suspended
in  methylene chloride (50 mL). To the suspension,
triethylamine  (4.6 ml, 32.7 mmol) was added, and the
mixture was stirred a-- room temperature for 1 hour.
The resulting solid was  collected by filtration and
washed with isopropanol to obtain  the compound of
interest as a white solid (2.0 g, 630).  .[0134]
(Example 27)
()-[(1R,5S,6S)-6-aminomethyl-3,4-dimethyl-
bicyclo[3.2.0]hept-3-ern6-yl]acetic acid (exemplary
compound  No: 19, salt-free form of the compound of
Example 20) -a) Methyl 3,
4-dimethyl-3-hydroxy-6-heptenoate
3-Methyl-5-hexen-2-one (u. Chem. Soc., Chem. Coma. 19,
1991, 1399) (17 g, 106mmol) and methyl bromoacetate
(24.4 g,  159 mmol) were dissolved in tetrahydrofuran
(100 mL), and the  



solution was added droiowise to a tetrahydrofuran (50
mL)  (zinc (10.4 g, 159 mmol) and trimethyl borate (30
mL))  solution under reflux. After reflux for 3 hours,
the mixture 132  was cooled to room temperature, and
glycerin (30 mL) and a  saturated aqueous solution of
ammonia chloride (100 mL) were  added thereto,
followed by two extractions with ethyl acetate.  The
ethyl acetate layer was washed with saturated saline,
then dried, and then concentrated. The residue was
purified  by silica gel column chromatography (200 g)
to obtain the  compound of interest as an oil
substance (11.7 g, 600). (27-b)
3,4-Dimethyl-3-hydroxy-6-hepteno4.c acid Methyl
3,4-dimethvl-3-hydroxy-6-heptenoate (11.7 g, 62.8
mmol) was dissolved in a 2 N potassium
hydroxide-methanol  solution (44 mL), and the solution
was stirred overnight at  room temperature. The
reaction solution was concentra-ed,  then dissolved in
water (30 mL), and washed with ether. The  aqueous
layer was made acidic (<pH=2) using aqueous
hydrochloric acid, followed by two extractions with
ethyl  aceta-e. The ethyl acetate layer was washed
with saturated  saline, then dried, and then
concentrated to obtain the  compound of interest as an
oil substance (10.1 g, 93%) This  compound was used in
the next reaction without being purified.  (27-c)
Tert-bury= () - (1R, 5S) -3, 4-dimethyl- [3.2. 0]
hept-3-en- 6-ylideneacetate
3,4-Dimethyl-3-hydroxy-6-hep-enoic acid (10.1 g, 54.2
mmol) and potassium acetate (12.8 g, 130 mmol) were
dissolved  in acetic anhydride (100 mom.), and the
solution was stirred at  room temperature for 30
minutes and then stirred for 3 hours  under heating to
reflux. The reaction so'u-ion was placed in  an ice
bath, followed by three extractions with
ether-pentane.  The organic layer was washed with an
aqueous sodium hydroxide 



- 133  solution and a saturated saline solution and
then  concentrated to obtain an oil substance. This
oil substance  was dissolved in tetrahydrofuran (70
mL), and the solution  was added dropwise to a
tetrahydrofuran (50 mL) (sodium  hydride (2.17 g, 54.3
mmol) and tert-butyl  dimethoxyphosphorylacetate (12.2
g, 54.3 mmol)) solution  under ice cooling. The
reaction solution was poured to a  saturated aqueous
solution of ammonia chloride, followed by  extraction
with ethyl acetate. The ethyl acetate layer was
washed with saturated saline, then dried, and then
concentrated. The residue was purified by silica gel
column  chromatography (200 g) to obtain the compound
of interest as  an oil substance (4.2 g, 33%). (2'/-d)
Tert-butyl () - [ (lR, 5S, 6S) -3, 4-dimethyl-6-
(nitromethvl)bicyclo[3.2.0]hept-3-en-6-yl]acetate
Tert-butyl ( )-(lR,5S)-3,4-dimethyi-[33.2.O;
hep`-3-en-6 ylideneacetate (4.2 g, 17.9 mmol) was
dissolved in  nitromethane (20 mL). To the solution,
1,8- diazabicyclo[5.4.Ojundec-7-ene (4.9 g, 27 mmol)
was added,  and the mixture was stirred overnight at
room temperature. A  saturated aqueous solution of
potassium dihydrogen phosphate  was added thereto,
followed by extraction with ethyl acetate.  Then, the
organic layer was dried over anhydrous magnesium
sulfate, and the solvent was distilled of= under
reduced  pressure. The residue was purified by silica
gel column  chromatography to obtain the compound of
interest as a  colorless cil substance (4 g, 85%). -
134 - (27-e) Tert-butyl [(1R,5S,6S)-6-(tert
butoxvcarbonvlamino)methyl-3,4-dimethylbicvclo[3.2.0]h
ept-3- en-6-yl] acetate 



The compound of interest was obtained as an oil
substance (5.5 g, 99%) in the same way as in
oaragraph.(3-a)  using tert-butyl ()-[(1R,5S,6S)-3,
4-dimethyl-6-
(nitromethyl)bicyclo[3.2.0]hept-3-en-6-yl]acetate (4.5
g,  15.2 mmol). (27-f)
()-[(1R,5S,6S)-6-aminomethyl-3,4-dimethyl-
bicyclo_3.2.0]hept-3-en_-6-vl]acetic acid The compound
of interest was obtained as a white solid  (440 mg,
45%) in the same way as in paragraph (3-b) using
tent-butyl
[(1R,5S,6S)-6-(tert-butoxvcarbonylamino)methyl-
3,4-dimethylbicyclo[3.2.0]hept-3-en-6-yl]acetate (1.7
g,  4.65 mmol). [0135;  (Example 28) () - [ (lR, 5S,
6S) -6-aminomethyl-3- (2-fluoroethyl) -
bicyclo[3.2.0]hept-3-en-6-v_]acetic acid (exemplary
compound  No: 30) (28-a) Ethyl
(E)-4-(2-hydroxvethyl)-hepta-2,6-dienoate
3-allyl-y',-2-ol (18 g, 140 mmol) and  ethoxycarbonyl
triphenylphosphorane (35 g, 104 mmol) were  stirred
overnight in toluene (200 mL). The reaction solution
was concen-ra-ed, and the residue was purified by
silica gel  column chromatography to obtain the
compound of interest as  an oil substance (15.8 g,
61.10). (28-b) Ethyl
(E)-4-(2--luoroethyl)-hepta-2,6-dienoate 135  Ethyl
(E) -4- (2-hydroxyethyl) -hepta-2, 6-di enoate (5 g,
27.1 mmol) was dissolved in. tetrahydrofuran (40 mL).
To the  solution, DAST (4.8 g, 29.8 mmol) was added
under ice cooling,  and the mixture was stirred for 1
hour. The reaction  solution was poured to a saturated
aqueous solution of sodium  bicarbonate, followed by
extraction with ethyl acetate. The  ethyl acetate
layer was washed with saturated saline, then  



dried, and then concentrated. The residue was purified
by  silica gel column chromatography (200 g) to obtain
the  compound of interest as an oil substance (2.2 g,
440). (28-c) Tert-butyl
()-[(lR,5S,6S)-3-(2-fluoroethyl)-6-
(n_itromethyl)bicyclo[3.2.0]hept-3-en-6-yl]acetate
The compound of interest was obtained (870 mg, 23%) in
the same way as in paragraph (4342-b, -c-, and -d)
using  ethyl (E)-4-(2-fluoroethyl)-hepta-2,6-dienoate
(2.2 g, 11.9  mmol). (28-d) Ter:-butyl [ (1R, 5S, 6S)
-6- (tert- butoxycarbonylamino)methyl-3-(2-
fluoroethyl)bicyco[3.2.0]hept-3-en-6-yl]acetate The
compound of interest was obtained as an oil  substance
(700 mg, 65.8%) in the same way as in paragraph ( 3-
a) using tert-butyl () - [ (lR, 5S, 6S) -3-
(2-fluoroe-hyl) -6-
(nitromethyl)bicyclo[3.2.0]hept-3-en-6-yl]acetate (870
mg,  2.77 mmol). (28-e)
()-[(lR,SS,6S)-6-aminomethyl-3-(2-fluoroethyl)-
bicyclo[3.2. 0]hept-3-en-6-yl]acetic acid The compound
of interest was obtained as a white solid  (330 mg,
79%) in the same way as in paragraph (3-b) using 136
tent-butyl
[(lR,5S,6S)-6-(tent-butoxycarbonylamino)methyl-3-
(2-fluoroethyl)bicyclo[3.2.0]hept-3-en-6-yl]acetaL-e
(700 mg,  1.83 mmol) . [0136]  (Example 29) () - [
(1S, 5R, 6R) -6- (am nnomethyl) -4-
methylbicyclo[3.2.0]hept-3-en-6-yl]acetic acid
(exemplary  compound No: 5) (29-a)
3-Hydroxy-3-methylhept-6-enoic acid Trimethyl borate
(15 mL), zinc powder (washed in advance  with dilute
hydrochloric acid and dried for use, 4.24 g), and  



tent-butyl bromoacetate (9.91 mL, 48.6 mmol) were
added in  this order to a tetrahydrofuran solution (15
mL) of hex-5-en- 2-one (5.29 g, 53.9 mmol), and the
mixture was heated to 30C  for 30 minutes using an oil
bath, then brought to room  temperature, and stirred
for 3 hours. The mixture was  separated into organic
and aqueous layers by the addition of  glycerol, a
saturated aqueous solution of ammonium chloride,  and
saturated saline, and the aqueous layer was then
subjected to extraction with diethyl ether. These
organic  layers were combined, then washed with
saturated saline, and  then dried over anhydrous
magnesium sulfate, and the solvent  was then distilled
off under reduced pressure. To the  residue, a 2 N
potassium hydroxide-methanol solution (50 mL) was
added, and the mixture was stirred at room temperature
for 6 hours. The solvent was distilled off under
reduced  pressure. To the residue, a 1 N aqueous
sodium hydroxide  solution was then added, followed by
washing with diethyl  ether. The aqueous layer was
made acidic using concentrated 137  hydrochloric acid
under ice cooling, followed by extraction  with
diethyl ether. The organic layer was washed with
saturated saline and then d=ied over anhydrous
magnesium  sulfate. The solvent was distilled of=
under reduced  pressure to obtain the compound of
interest as a pale yellow  oil substance (5.24 g,
75%). (29-b)
()-(1S,5R)-4-methylbicyclo[3.2.0]hept-3-en-6-one
3-Hydroxy-3-methylhent-6-enoic acid (5.24 g, 36.4
mmol)  was dissolved in acetic anhydride (40 mL) To
the solution,  potassium acetate (12.52 g, 127 mmol)
was added, and the  mixture was stirred at room
temperature for 2 hours. The  reaction solution was
heated to reflux and stirred for 4  hours. To the
reaction solution, ice water and toluene were  



then added, and this mixture was stirred overnight at
room  temperature. The mixture was separated into
aqueous and  organic layers by the addition of diethyl
ether and saturated  saline. Then, the organic layer
was washed with saturated  saline and dried over
anhydrous magnesium sulfate, and the  solvent was
distilled off under reduced pressure. The  residue was
purified by silica gel chromatography to obtain  the
compound of interest as a pale _yellow oil substance
(1.10  g, 17%, diastereomeric mixture). (29-c)
Ter:.-butyl (_) - (1S, 5R) -4-methylbicyclo [3.2. 0]
hept-3- en- 6-ylideneacetate () - (1S, 5R)
-4-methylbicyclo [3.2 . 0] hep~.-3-en.-6-one (1.10  g,
9.0 mmol) was added to a reaction solution prepared in
advance by adding sodium hydride (>650 oil, 342.8 mg,
9.0  mmol) tc a tetrahydrofuran solution (10 mL) of
tert-butyl - 138 - dimethoxyphosphorylacetate (2.08 g,
9.3 mmol) under ice  cooling, and the mixture was
further stirred for 2 hours.  The reaction solution
was separated into aqueous and organic  layers by the
addition of a saturated aqueous solution of  ammonium
chloride and saturated saline. The aqueous layer  was
subjected to extraction with ethyl acetate. These
organic layers were combined, then washed with
saturated  saline, and then dried over anhydrous
magnesium sulfate. The  solvent was distilled off
under reduced pressure, and the  residue was purified
by silica gel column chromatography to  obtain the
compound of interest as a pale yellow oil  substance
(1.59 g, 80%, E/Z mixture). (29-d) Terc-busy= (=) - [
(1S, 5R, 6R) -6- (ni ~romethyl) -4-
methylbicvcio[3.2.0]hept-3-en-6-yl]acetate  The
compound of interest was obtained as a colorless oil
substance (2.02 g, <100%) in the same way as in
Example (8-d)  



using tert-butyl
()-[(1S,5R)-4-methylbicvcio[3.2.0]hepc-3-
en-6-ylideneacetate (1.59 g, 7.22 mmol). (29-e) () - [
(1S, 5R, 6R) -6- (aminomethyl) -4-
methylbicyclo[3.2.0]hept-3-en-6-yl]acetic acid The
compound of interest was obtained as a white powder
(125.1 mg, 20%) in the same way as in Example (8-e)
using  tert-butyl () - [ (1S, 5R, 6R) -6-
(nitromethyl) -4-
methylbicvclo[3.2.0]hept-3-en-6-yl]acetate (1.00 g,
3.2 mmol).  [0137] (Example 30) Tert-butyl
[(1R,5S,6S)-6-aminomethyl-3-
ethylbicvclo[3.2.0]hept-3-er.-6-yi]ace=ate (exemplary
compound  No: 20) 139 - H NH2  COO t-Bu  CH; H
Tert-butyl [(1R,5S,6S)-3-ethyl-6-
(nitromethyl)bicyclo[3.2.0]hep--3-en-6-yl]acetate (7.0
g,  23.7 mmol) was dissolved in ethanol (60 mL) and
water (21 mL).  To the solution, iron powder (13..27
g, 237 mmol) and ammonium  chloride (628.1 mg, 11.9
=o--') were added, and the mixture  was stirred for
5.5 hours under heating to reflux. The  mixture was
allowed to cool, then diluted with saturated  saline,
a saturated aqueous solution of sodium bicarbonate,
and ethyl acetate, and ='-'Itthrough Celite to remove
insoluble matter. The filtrate was separated into
organic  and aqueous layers. The organic laver was
washed with  saturated saline. The organic layer was
dried over anhydrous  magnesium sulfate. Then, the
solvent was distilled off under  reduced pressure to
obtain the compound of interest as a pale  



yellow oil substance (7.02 g, <100%). [0138]  (Example
31) [(1R,5S,6S)-6-(aminomethyl)-3=
ethylbicvclo[3.2.0]hept-3-en-6-yl]acetic acid
benzenesulfonate (exemplary compound No: 8, optically
active  benzenesulfonate) 140 - H 1\ NHZ  COOH  CH3
PhSO3H  H
(1R,5S,6S)-6-(aminomethyl)-3-ethylbicyclo[3.2.0]hept-3
- en-6-yi]acetic acid (4.50 g, 20.6 mmol) was
dissolved by  heating in a 1 M aqueous solution (22.7
mL) of  benzenesulfonic acid monohydrate, and the
solution was then  allowed to cool to room
temperature. The resulting solid was  collected by
filtration. The solid was washed with water (15  mL)
and then dried using a vacuum pump to obtain the
compound  of interest as a colorless solid (6.45 g,
770). [0139]  (Example 32) () -{ (1S, 5R, 6R) -6-
(aminomethyl) -
Spiro[bicyclo[3.2.0]hepta-2,1'-cyclobutanj-3-en-6-yl}a
cetic  acid (exemplary compound No: 39) (32-a) Methyl
cyclobutylideneacetate Sodium hydride (>65% oil, 3.62
g, 95 mmol) was added to  a tetrahydrofuran solution
(200 mL) of trime-L-hyl  phosphonoacetate (18.21 g,
100 mmol) under ice cooling, and  the mixture was
stirred for 1 hour. To the reaction solution,  a
tetrahydrofuran solution (50 mL) of cyclobutanone
(5.00 g,  71.4 mmol) was added dropwise, and the
mixture was then  brought to room temperature and
stirred for 1.5 hours. To 



the reaction solution, a saturated aqueous solution of
ammonium chloride was added, followed by extraction
with  hexane. The organic layer was washed with
saturated saline 141  and dried over anhydrous
magnesium sulfate. The solvent was  distilled of=
under reduced pressure to obtain the compound  of
interest as a pale yellow oil substance (18.94 g,
<1000).  (32-b) Cyclobutylideneethanol Lithium
aluminum hydride (1.89 g, 50 mmol) was added to  a
tetrahydrofuran solution (200 mL) of methyl
cyclobutylideneacetate (18.92 g, <71.4 mmol) under ice
cooling, and the mixture was stirred in this state for
2.5  hours. Methanol (10 ml,) and a 1 N aqueous sodium
hydroxide  solution (5 mL) were added thereto, and the
mixture was  further stirred at room temperature for 1
hour and then  filtered through Celite. The residue
was washed with ethyl  acetate and saturated saline.
These filtrates were combined  and separated into
aqueous and organic lavers. The organic  layer was
washed with saturated saline and then dried over
anhydrous sodium sulfate. The solvent was distilled
off  under reduced pressure to obtain the compound of
interest as  a pale yellow oil substance (22.14 g,
<84%). (32-c) (1-Vinyl cyclobutyl)ethano
Cyclobutylideneethanol (22.14 g, <60 mmol) was
dissolved  in triethy_ orthoace-a-e (25 mL). To the
solution, pheno- (1.02 g, 11.6 mmol) was added, and
the mixture was stirred  for 1 day under heating to
reflux. The mixture was allowed  to cool, and
saturated saline was then added thereto, followed by
extraction with ethyl acetate. The organic layer  was
washed with saturated saline and then dried over
anhydrous sodium sulfate, and the solvent was
distilled off  under reduced pressure. To the residue,
a 2 N potassium 



142  hydroxide-methanol solution (80 mL) was added,
and the  mixture was stirred overnight at room
temperature. The  solvent was distilled off under
reduced pressure, and the  residue was then dissolved
in a 2 N aqueous sodium hydroxide  solution and washed
with diethyl ether. The aqueous layer  was made acidic
using concentrated hydrochloric acid under  ice
cooling, followed by extraction with ethyl acetate.
The  organic layer was washed with saturated saline
and then dried  over anhydrous magnesium sulfate, and
the solvent was  distilled off under reduced pressure.
The residue was  dissolved in tetrahydrofuran (70 mL)
. To the solution,  lithium aluminum hydride (948.8
mg, 25 mmol) was then added  under ice cooling. The
mixture was brought to room  temperature and then
stirred for 7 hours under heating to  reflux. Methanol
(1.5 mL) and a 1 N aqueous sodium hydroxide  solution
(1.5 mL) were added thereto under ice cooling, and
the mixture was further stirred at room temperature
for I  hour and then filtered through Celite. The
residue was  washed with dichioromethane and saturated
saline. These  filtrates were combined and separated
into aqueous and  organic layers. The organic layer
was washed with a 1 N  aqueous sodium hydroxide
solution and saturated saline and  then dried over
anhydrous sodium sulfate. The solvent was  distilled
off under reduced pressure to obtain the compound  of
interest as a colorless oil substance (1.94 g, 25%).
(32-d) Methyl 3-hydroxy-4-(1-vinyl
cyclobutyl)butanoate A dichioromethane solution (80
mL) of oxalyl chloride  (1.88 mL, 22.5 mmol) was
cooled to -78C, and a - 143  dichloromethane solution
(20 mL) of dimethyl sulfoxide (3.0  mL, 43.0 mmol) was
added dropwise thereto. The mixture was  



stirred at -78C for 10 minutes. Then, a
dichloromethane  solution (20 mL) of
(1-vinylcyclobutyl)ethanol (1.94 g, 15  mmol) was
added dropwise thereto, and the mixture was further
stirred at -78C for 3 hours. Triethylamine (8 mL, 60
mmol)  was added thereto, and the mixture was
gradually brought to  room temperature and then
stirred for 1 hour. I N  hydrochloric acid and
saturated saline were added thereto,  followed by
extraction with dichloromethane. The organic  laver
was washed with saturated saline and then dried over
anhydrous sodium sulfate, and the solvent was
distilled off  under reduced pressure. The residue was
dissolved in  tetrahydrofuran (40 mL). To the
solution, trimethylboron  (6.2 mL) and zinc powder
(4.46 g) were added, and methyl  bromoacetate (4.2 mL,
44.1 mmol) was then added dropwise  thereto. After
stirring at room temperature for 30 minutes,  the
reaction solution was heated to 40C and stirred for 20
minutes. The mixture was further brought to room
temperature  and stirred for 1 hour, and glycerol,
water, and saturated  saline were then added thereto,
followed by extraction with  ethyl acetate. The
organic layer was washed with saturated  saline and
then dried over anhydrous sodium sulfate, and the
solvent was distilled off under reduced pressure. The
residue was purified by column chromatography to
obtain. the  compound of interest as a colorless oil
substance (1.22 g,  40%). (32-e)
3-Hydroxy-4-(l-vinylcyclobutvl)butanoic acid 144  The
compound of interest was obtained as a colorless oil
substance (1.16 g, <100) in the same way as in Example
(8-b)  using methyl 3-hydroxy-4-(1-vinyl
cyclobutyl)butanoate (1.22 g,  6.16 mmol). (32-f)
Ter:-butyl (=)-(lS,5R)-spiro[bicycio[3.2.0]hepta-2,1'-



cyclobutan]-3-en-6-ylideneacetate
3-Hydroxy-4-(1-vinyl cyclobutyl)butanoic acid (1.16 g,
6.16 mmol) was dissolved in N,N-dimethylacetamide (12
mL) and  acetic anhydride (1.5 mL) . To the solution,
potassium  acetate (664.9 mg, 6.77 mmol) was added,
and the mixture was  stirred at 140C for 4 hours. To
the reaction solution, ice  water and saturated saline
were added, and the mixture was  stirred for 2 hours,
followed by extraction with ethyl  acetate. The
organic layer was washed with a saturated  aqueous
solution of sodium bicarbonate and saturated saline
in this order and dried over anhydrous magnesium
sulfate, and  the solvent was then distilled off under
reduced pressure.  The residue was dissolved in
tetrahydrofuran (30 mL), and the  solution was added
to a reaction solution prepared in advance  from a
tetrahydrofuran solution (30 mL) of tent-butyl
dimethoxyphosphorylacetate (1.82 g, 10 mmol) and
sodium  hydride (63% oil, 342.9 mg, 9 mmol). The
mixture was stirred  at room temperature for 1 hour,
and the reaction solution was  then separated into
aqueous and organic layers by the  addition of a
saturated aqueous solution of ammonium chloride  and
saturated saline. The aqueous laver was subjected to
extraction with ethyl acetate. These organic layers
were  combined, then washed with. saturated saline,
and then dried 145  over anhydrous magnesium sulfate.
The solvent was distilled  off under reduced pressure,
and the residue was purified by  silica gel column
chromatography to obtain the compound of  interest as
a pale yellow oil substance (1.07 g, 70%, E/Z
mixture). (32-g) Tert-butyl () -{ (1S, 5R, 6R) -6-
(nitromethyl)spiro[bicyclo[3.2.0]hepta-2,1'-cyclobutan
]-3-en- 6-yl)acetate 



Tert-butyl ()-(lS,5R)-spiro[bicyclo[3.2.0]hepta-2,1'-
cyclobutan]-3-en-6-y_ideneacetate was dissolved in
nitromethane (8 mL). To the solution, 1,8-
diazabicyclo[5.4.0]undec-7-ene (0.97 mL, 6.51 mmol)
was added,  and the mixture was heated with stirring
at 50 to 60 for 5.5 hours. The mixture was allowed to
cool, and a saturated  aqueous solution of potassium
dihydrogen phosphate was then  added thereto, followed
by extraction with ethyl acetate.  Then, the organic
laver was d=ied over anhydrous magnesium  sulfate, and
the solvent was distilled off under reduced  pressure.
The residue was purified by silica gel column
chromatography to obtain the compound of interest as a
pale  yellow oil substance (1.08 g, 810). (32-h) () -{
(1S, 5R, 6R) -6- (aminomethyl) -
spiro[bicyclo[3.2.0]hepta-2,1'-cyclobutan]-3-en-6-yl)a
cetic  acid Tert-butyl (+) - , (1S, 5R, 6R) -6
(nitromethyl) spiro[bicyclo[3.2.0]hepta-2,
1'-cyclobutan]-3-en- 6-yl)acetate (1.08 g, 3.52 mmol)
was dissolved in ethanol (15  mL) and water (6 mL). To
the solution, iron powder (0.99 g, 146  .17.6 mmol)
and ammonium chloride (93.3 mg, 1.76 mmol) were
added, and the mixture was stirred for 4 hours under
heating  to reflux. The mixture was allowed to cool,
then diluted  with saturated saline, a saturated
aqueous solution of sodium  bicarbonate, and ethyl
acetate, and filtered through Celite  to remove
insoluble matter. The filtrate was separated into
organic and aqueous layers. The organic layer was
washed  with saturated saline and then dried over
anhydrous magnesium  sulfate, and the solvent was then
distilled off under reduced  pressure. To the residue,
a 4 N hydrochloric acid-ethyl  acetate solution (10
mE) was added, and the mixture was  



stirred at room temperature for _ hour. Then, the
solvent  was distilled off under reduced pressure. The
residue was  suspended in dichloromethane. To the
suspension,  triethylamine was added dropwise, and the
resulting powder  was collected by filtration, then
washed with dichloromethane,  and then dried to obtain
the compound of interest as a white  powder (439.2 mg,
570.). [0140]  (Example 33) () - { (1S, 5R, 6R) - 6-
(aminomethyl) -
spiro[bicvclo[3.2.0]hepta-2,1'-cyclopent]-3-en-6-yl)ac
etic  acid (33-a) Methyl cyclopentylideneacetate The
compound of interest was obtained as a pale yellow
oil substance (14.31 g, <100%) in the same way as in
Example  (32-a) using cyciopentanone (8.42 g, 100
mmol). (33-b) Cyclopentylideneethanol 147  The
compound of interest was obtained as a pale yellow
oil substance (8.90 g, including ethyl acetate) in the
same  way as in Example (32-b) using methyl
cyclopentylideneacetate  (7.16 g, 50 mmol) (33-c)
(1-Vinyicyclopentyl)ethanol The compound of interest
was obtained as a colorless oil  substance (0.47 g,
7%) in the same way as in Example (32-c)  using
cyclopentylideneethanol (8.90 g, <50 rmo_). (33-d)
Methyl 3-hydroxy-4-(1-vinylcyclopentyl)butanoate The
compound of interest was obtained as a colorless oil
substance (417.3 mg, 48%) in the same way as in
Example (32- d) using (l-vinylcyclopentyl)ethanol-
(C.47 g, 3.36 mmol).  (33-e)
3-Hy,roxy-4-(l-vinylcvclopentyl)butanoic acid The
compound of interest was obtained as a light brown
oil substance (the partial solvent remained; 504.1 mg,
<100%)  



in the same way as in Example (32-e) using methyl
3-hydroxy- 4-(1-vinylcyclopertyl)butanoate (417.3 mg,
1.97 mmol) (33-f) Tert-butyl
()-(lS,SR)-spiro[bicyclo[3.2.0]hepta-2,1'- cyclopent
-3-en-6-ylideneacetace The compound of interest was
obtained as a pale yellow  oil substance (232.3 mg,
47%, E/Z mixture) in the same way as  in Example
(32-f) using 3-hydroxy-4-(l- vinylcyclopentyl)butanoic
acid (504.1 mg, <1.9 mmol). (33-g) Tert-butyl () -{
(1S, 5R, 6R) -6-
(nitromethy=)Spiro[bicyclo[3.2.0]hepta-2,1'-cyclopent]
-3-en- 6-yl}acetate The compound of interest was
obtained as a colorless oil  substance (250.2 mg, 88%)
in the same way as in Example (32 148  g) using
tert-butyl ()-(1S,5R)-spiro.[bicyclo[3.2.0]hepta-
2,1'-cyclopent]-3-en-6-ylideneacetate(232.3 mg, 0.89
mmol)  (33-h) () - { (1S, 5R, 6R) -6- (aminomethyl) -
spiro[bicyclo[3.2.0]hepta-2,1'-cyclopent]-3-en-6-yl}ac
etic  acid The compound of interest was obtained as a
white powder  (124.4 mg, 72%) in the same way as in
Example (32-h) using  test-butyl ()-( (1S, 5R, 6R) -6
(nitromethyl) spiro[bicvclo[3.2.0]hepta-2, I
-cyclopent]-3-en- 6-yl}acetate (249.0 mg, 0.77 mmol).
[0141]  (Example 34) () - [ (1S, 5R, 6R) -6-
(aminomethyl) -3-
cyclobutylbicyclo[3.2.0]hept-3-er.-6-yl]acetic acid
(34-a) Ethyl ()-2-cyclobutylpent-4-enoate A 1.9 M
tetramethyldisilazane sodium- tetrahydro fur an
solution (9.44 mL, 18.0 mmol) was added dropwise over
10  minutes to a tetrahydrofuran (40 mL) solution of
ethyl 2- cyclobutylacetate (2.32 g, 16.3 mmol) cooled
to -78C, and  



the mixture was then stirred at -78C for 10 minutes.
Subsequently, a tetrahydrofuran (10 mL) solution of
allyl  bromide (7.90 g, 65.3 mmol) was added dropwise
thereto over  10 minutes, and the mixture was stirred
at rooir. temperature  for 17 hours. The mixture was
treated with water, and  volatile portions were then
removed under reduced pressure.  To the obtained
liquid, ethyl acetate and water were added,  and the
obtained organic layer was dried over anhydrous
magnesium sulfate. Then, the solvent was distilled off
under 149  reduced pressure to obtain the compound of
interest as a  yellow oil substance (1.80 g, 61%) .
(34-b) Ethyl ()-4-cyclobutylpenta-2,6-dienoate A 1 M
diisobutyl aluminum hydride/toluene solution (9.88
mL, 9.9 mmol) was added dropwise over 40 minutes to a
toluene  (20 mL) solution of ethyl ()
-2-cvclobutvlpent-4-enoate (1.80  g, 9.9 mmol) cooled
to -78C, and the mixture was then stirred at -78C for
2 hours. A 30% aqueous acetic acid  solution (9.4 mL)
was added dropwise thereto over 5 minutes.  Then, the
organic laver was dried over magnesium sulfate.  After
removal of insoluble matter by filtration, ethyl
(triphenylphosphoranvlidene)acetaze (3.78 g, 10.9
mmo') was  added to the liquid, and the mixture was
stirred at room  temperature for 18 hours. The solvent
was distilled of=  under reduced pressure, and the
residue was purified by  column chromatography to
obtain a colorless oil substance as  a mixture
containing the compound of interest. This compound
was used in the next reaction without being further
purified.  (34-c) ()-4-Cyclobutvlpenta-2,6-dienoic
acid A 5 N aqueous sodium hydroxide solution (15 mL)
was  added to an ethyl alcohol (20 mL) solution of the
ethyl ()- 



4-cyclobu-ylpenta-2,6-dienoate obtained in the
preceding  paragrapl-, and the mixture was stirred at
room temperature  for 1.5 hours and subsequently
stirred at 60C for 2 hours.  The mixture was allowed
to cool, and the solvent was then  distilled off under
reduced pressure. The residue was  dissolved in water.
The aqueous laver was washed with  dichloromethane and
then neutralized with a 2 N aqueous 150  hydrochloric
acid solution (100 mL), followed by extraction  with
dichloromethane. The organic laver was dried over
magnesium sulfate. The solvent was distilled off under
reduced pressure to obtain a yellow owl substance as a
mixture containing the compound of interest-. This
compound was used in the next reaction without being
further purified.  (34-d) Tert-butyl ()-[(1S,5R)-3-
cyclobutylbicvclo[3.2.0]hept-3-en-6-ylidene]acetate
(E/Z  mixture) Potassium acetate (1.05 g, 10.7 mmol)
was added to a  dimethyiacetamide (20 mL) solution of
the ()-4- cyclobutyloenta-2,6-dienc cc acid obtained
in the preceding  paragraph and acetic anhydride (1.09
g, 10.7 mmol), and the  mixture was stirred at room
temperature for 1 hour and then  stirred at 120C for 2
hours. The mixture was treated with  ice water and a 2
N aqueous sodium hydroxide solution,  followed by
extraction with hexane and diethyl ether. The  organic
layer was dried over anhydrous magnesium sulfate.
Then, the solvent was distilled off under reduced
pressure to  obtain a pale yellow oil substance. The
substance obtained  here was added to an acetonic-rile
(20 mL) solution of ter-- butyl
dimethylphosphonoacetate (C.84 g, 3.7 mmol), lithium.
chloride (0.16 g, 3.7 mmo_), and 1, 8-
diazabicyclo[5.4.0]undec-7-ene (0.59 g, 3.7 mmol)
stirred in  



advance for 1 hour, and the mixture was further
stirred for  12 hours. The mixture was treated with
water, and volatile  portions were then distilled off
under reduced pressure,  followed by extraction with
ethyl acetate. The organic laver was dried over
anhydrous magnesium sulfate. The solvent was
distilled off under reduced pressure, and the residue
was  purified by silica gel column chromatography to
obtain the  compound of interest as a yellow oil
substance (0.36 g, 24%)  (yield fromm (00-b) ethyl
4-cyclobutylpenta-2,6-dienoate)  (34-e) Tert-butyl
()-[(1S,5R,6R)-6-(nitromethyl)-3-
cyclobutylbicyclo[3.2.0]heot-3-en-6-vlidene]acetate
Test-butyl ()-[(1S,5R)-3-cyclobutylbicycio[3.2.
0]hept- 3-en-6-ylidene]acetate (0.36 g, 1.4 mmol) was
dissolved in  nitromethane (20 mL). To the solution,
1,8- diazabicyclo[5.4.0]undec-7-ene (0.26 g, 1.7 mmol)
was added,  and the mixture was stirred at 6CC for 3
hours. 1,8- diaZabicyclo[5.4.0]undec-7-ene (C.26 g,
1.7 mmo_) was further  added thereto, and the mixture
was stirred at 60C for 4.5  hours. The mixture was
allowed to cool, and a saturated  aqueous solution of
potassium dihydrogen_ phosphate was then  added
thereto, followed by extraction with dichloromethane.
The organic layer was dried over anhydrous magnesium
sulfate.  The solvent was distilled off under reduced
pressure, and the  residue was purified by silica gel
chromatography to obtain  the compound of interest as
a pale yellow oil substance (0.40  g, 90%). (34-f)
Tert-butyl () - [ (1S, 5R, 6R) -6- (aminomethyl) -3-
cyclobutylbicyclo[3.2.0] hept-3-en-6-ylidene]acetate
Tert-butyl () - [ (1S, SR, 6R) -6- (nitromethyl) -3
cyclobutylbicyclo[3.2.0]hept-3-en-6-ylidene]acetate
(0.40 g,  1.2 mmol) was dissolved in ethanol (20 mL) .
To the solution,  iron powder (0.56 g, 10.0 mmol) and
then an aqueous ammonium 



- 152  chloride (0.07 g, 1.2 mmol) solution (7 mL)
were added, and  the mixture was stirred for 4.5 hours
under heating to reflux.  The mixture was allowed to
cool and then filtered through  Celite to remove
insoluble matter. The solution was  concentrated, and
the residue was diluted with ethyl acetate.  The
dilution was washed with a saturated aqueous solution
of  sodium bicarbonate and dried over anhydrous
magnesium sulfate.  Then, the solvent was distilled
off under reduced pressure,  and the residue was
purified by silica gel column  chromatography to
obtain the compound of interest as a  colorless oil
substance (0.30 g, 830). (34-g) () - [ (1S, 5R, 6R)
-6- (aminomethyl) -3-
cyclobutylbicyclo[3.2.0]hept-3-en-6-yl]acetic acid
Tert-butyl () - [ (1S, 5R, 6R) -6- (aminomethyl) -3-
cyclobutylbicyclo[3.2. 0]hept-3-en-6-ylidene] acetate
(0.30 g, 1.0 mmol) was dissolved in a 4 N hydrochloric
acid-ethyl  acetate solution (10 mL), and the solution
was stirred at  room temperature for 1.5 hours. Then,
the solvent was  distilled off under reduced pressure.
The residue was  suspended by the addition of
dichloromethane. To the  suspension, triethylamine was
then added dropwise, and the  resulting powder was
collected by filtration. The obtained  powder was
dried under reduced pressure to obtain the  compound
of interest as a white powder (0.17 g, 670).  [0142;
(Example 35) () - [ (1S, 5R, 6R) -6- (aminomethyl) -4-
ethylbicyclo[3.2.0]hept-3-en-6-yl]acetic acid
(exemplary  compound No: 34) 153  (35-a) Methyl
3-ethylhepta-2,6-dienoate (E/Z mixture)  A
tetrahydrofuran (25 mL) solution of trimethyl  



phosphonoacetate (4.67 g, 25.1 mmol) was added
dropwise at  0C over 1 hour to a tetrahydrofuran (25
mL) suspension of  sodium hydride (1.04 g, 630, 27.4
mmol). To the mixture,  tetrahydrofuran (25 mL) was
further added, and the mixture  was then stirred at 0C
for 1 hour. To this solution, a  tetrahydrofuran (25
mL) solution of 6-hepten-3-one (2.56 g,  22.8 mmol)
was added dropwise at 0C over 20 minutes, and the
mixture was stirred at room temperature for 2.5 hours
and  subsequently stirred at 65C for 3 hours. The
mixture was  treated with water, and volatile portions
were then distilled  off under reduced pressure,
followed by extraction with  hexane. The organic layer
was dried over anhydrous magnesium  sulfate. Then, the
solvent was distilled off under reduced  pressure to
obtain the compound of interest as a pale yellow  oil
subs .ance (3.04 g, 79%). (35-b)
3-Ethylhepta-2,6-dienoic acid (E/Z mixture) A 5 N
aqueous sodium hydroxide solution (14.5 mL) was  added
to an ethyl alcohol (40 mL) solution of.methyl 3-
ethylhepta-2,6-dienoate (3.04 g, 18.1 mmol), and the
mixture  was stirred at room temperature for 17 hours.
The mixture  was neutralized with a 5 N aqueous
hydrochloric acid solution  (15 m.L), followed by
extraction with dichloromethane. The  organic layer
was dried over magnesium sulfate. The solvent  was
distilled off under reduced pressure to obtain the
compound of interest as a pale yellow oi- substance
(2.01 g,  71%). 154  (35-c) Tert-butyl () - [ (1S, 5R)
-4-ethylbicyclo [3.2. 0] heat-3- en-6-ylidene] acetate
(E/Z mixture) Potassium acetate (2.56 g, 26.1 mmol)
was added to a  dimethylacetamide (25 mL) solution of
3-ethylhepta-2,6- dienoic acid (2.01 g, 13.0 mmol) and
acetic anhydride (2.66 g,  



26.1 mmol), and the mixture was stirred at room
temperature  for 1 hour and then stirred at 120 for 3
hours. The mixture was treated with an ice water
solution, followed by  extraction with diethyl ether.
The organic layer was dried  over anhydrous magnesium
su=fate. Then, the solvent was  distilled off under
reduced pressure, and the residue was  applied to
column chromatography to obtain a pale yellow oil
substance. The substance obtained here was added to an
acetonitrile (40 mL) solution of test-butyl
dimethyiphosphonoacetate (2.60 g, 16.6 mmol), lithium
chloride (0.70 g, 16.6 mmol), and 1,8-
diazabicyclo[5.4.0]undec-7-ene (2.60 g, 16.6 mmol)
stirred in  advance for 1 hour, and the mixture was
further stirred for  3.5 hours. The mixture was
treated with water, and volatile  portions were then
distilled o=f under reduced pressure,  followed by
extraction with ethyl acetate. The organic layer  was
dried over anhydrous magnesium sulfate. The solvent
was  distilled off under reduced pressure, and the
residue was  purified by silica gel column
chromatography to obtain the  compound of interest as
a yellow oil substance (2.20 g, 68%)  (35-d)
Tert-butyl () - [ (lS, 5R, 6R) -6- (nitromethyl) -4-
ethylbicyclo[3.2.0]hept-3-en-6-ylidene]acetate - 155
Tert-butyl ()-[(1S,SR)-4-ethylbicyclo[3.2.0]hept-3-en-
6-ylidene]acetate (2.20 g, 9.4 mmol) was dissolved in
nitromethane (30 mL). To the solution, 1,8-
diazabicyclo[5.4.0]undec-7-ene (1.77 g, 11.3 mmol) was
added,  and the mixture was stirred at room
temperature for 63 hours.  A saturated aqueous
solution of potassium dihydrogen  phosphate was added
thereto, followed by extraction with  dichloromethane.
The organic layer was dried over anhydrous  magnesium
sulfate. The solvent was distilled off under  



reduced pressure, and the residue was purified by
silica gel  chromatography to obtain the compound of
interest as a  mixture with the starting material
(2.38 g) (35-e) Ter:-butyl () - (1S, 5R, 6R) -6-
(aminomethyl) -4-
ethylbicyclo[3.2.0]hept-3-en_-6-ylidene]acetate  A
mixture (2.38 g) of tert-butyl ()-[(1S,5R,6R)-6
(nitromethyl)-4-ethylbicyclo[3.2.0]hept-3-en-6-
ylidene] acetate and tert-butyl ()-[(1S,Z-)R)-4-
ethylbicyclo[3.2.0]hept-3-en-6-ylidene]acetate was
dissolved  in ethanol (30 mL). To the solution, iron
powder (2.25 g,  40.1 mmol) and then an aqueous
ammonium chloride (0.43 g, 8.1  mmol) solution (10 mL)
were added, and the mixture was  stirred for 4.5 hours
under heating to reflux. The mixture  was allowed to
cool and then filtered through Celite to  remove
insoluble matter. The solution was concentrated, and
the residue was diluted with ethyl acetate. The
dilution was  washed with a saturated aaueous solution
of sodium  bicarbonate and dried over anhydrous
magnesium sulfate. Then,  the solvent was distilled
off under reduced pressure, and the - 156  residue was
purified by silica gel column chromatography to
obtain the compound of interest as a colorless oil
substance  (1.00 g, 40%: yields in two steps). (35-f)
()-[(1S,5R,6R)-6-(aminomethyl)-4-
ethylbicyclo[3.2.0]hept-3-en-6-yl]acetic acid
Tert-butyl () - [ (1S, 5R, 6R) -6- (aminomethyl) -4
ethylbicyclo[3.2.0]hept-3-en-6-ylidene]acetate (1.00
g, 3.8  mmol) was dissolved in a 4 N hydrochloric
acid-ethyl acetate  solution (20 mL), and the mixture
was stirred at room  temperature for 1 hour. Then, the
resulting solid was  collected by filtration. The
solid was suspended by the  addition of
dichloromethane. To the suspension,  



triethylamine was then added dropwise. Again, the
resulting  powder was collected by filtration and
dried under reduced  pressure to obtain the compound
of interest as a white powder  (0.51 g, 65%). [C143]
(Example 36) () - [ (1S, 5R, 6R) -3-ethyl-6-
(hydroxyaminomethyl)bicyclo[3.2.0]hept-3-en-6-yljaceti
c acid  hydrochloride Ammonium formate (1.10 g, 16.9
mmol) was added to an  ethanol (10 mL) suspension of
tert-butyl ()-[(1S,5R,6R)-3-
ethyl-6-[(hydroxyamino)methyl]bicyclo[3.2.0]hept-3-en-
6- yl]acetate (0.50 g, 1.7 mmol) and barium
sulfate-supported  palladium (O.05 g), and the mixture
was stirred at room  temperature for 19 hours. Water
(20 mL) was added thereto,  and the mixture was then
filtered through Celite to remove  insoluble matter.
The solution was concentrated, and the 157  residue
was diluted with ethyl acetate. The dilution was
washed with a saturated aqueous solution of sodium
bicarbonate and dried over anhydrous magnesium
sulfate. Then,  the solvent was distilled off under
reduced pressure, and the  residue was purified by
silica gel column chromatography to  obtain a
colorless liquid (0.34 g). The liquid was dissolved
in a 4 N hydrochloric acid-ethyl acetate solution (15
mL),  and the solution was stirred at room temperature
for 1 hour.  Then, the solvent was distilled off under
reduced pressure.  The residue was suspended by the
addition of dichloromethane,  and the resulting powder
was then collected by filtration.  The obtained powder
was washed with dichloromethane and  hexane to obtain
the compound of interest as a white powder  (0.10 g,
23%). [0144]  



(Example 37) [(1R,5S,6R)-6-(aminomethyl)-3-
ethylbicyclo[3.2.0]hept-3-en_-6-yl]ace -~_ic acid  H
NH,  "///"/ COO H  CH3 p-Toluenesulfonic acid (13.14
g, 69.1 mmol) was added to  an ethanol (150 mL)/water
(50 mL) suspension of tert-butyl
[(1R,5S)-6-{[(tert-butoxvcarbonvl)amino]methyl) -3-
ethylbicyclo[3.2.0]hept-3-en-6-y1]acetate (10.20 g,
34.:, - 158  mmol) and iron powder (9.64 g, 172.7
mmol), and the mixture  was stirred at 80C for 2.5
hours. The mixture was. allowed  to cool and then
filtered through Celite to remove insoluble  mater.
The solution was concentrated, and the residue was
diluted with ethyl acetate. The dilution was washed
with  water and dried over anhydrous magnesium
sulfate. Then, the  solvent was distilled off under
reduced pressure, and the  obtained solid was washed
with hexane to obtain a white solid  (14.62 g) This
compound was dissolved in benzene (100 mL)  To the
solution, p-toluenesulfonic acid (1.27 g, 6.7 mmol)
was added, and the mixture was stirred at 80C for 2.5
hours.  The mixture was allowed to cool and then
filtered to remove  insoluble matter. The solution was
concentrated, and the  obtained solid (2.32 g) was
dissolved in chloroform (50 mL).  To the solution,
triethylamine (1.4 mL) was added, and the  resulting
solid was collected by filtration and suspended in
ethyl acetate (25 ns). To the suspension,
o-toluenesulfonic  acid (0.44 g) was added. The
mixture was ultrasonically  irradiated for 1 hour, and
the obtained solid was washed with  methanol to obtain
the compound of interest as a white solid  (0.06 g,
1%). 



[014]  (Example 38) ()-[(1S,5R,6R)-6-(aminomethyl)-_-
methylbicyclo[3.2.0]hept-3-en-6-yi]acetic acid
(exemplary  compound No: 2) (38-a) Tert-butyl
()-[(lS,5R)-1-methylbicyclo[3.2.0]hept-3-
en-6-ylidenej acetate (E/Z mixture) - 159  A
tetrahydrofuran (15 mL) solution of tert-butyl
dimethylphosphonoacetate (3.29 g, 14.7 mmol) was added
dropwise at 0C over 5 minutes to a tetrahydrofuran (15
mL)  suspension of sodium hydride (0.59 g, 63%, 15.5
mmol), and  the mixture was stirred at 0C for 15
minutes. To this  solution, a tetrahydrofuran (15 mL)
solution of 1- methylbicyclo[3.2.0]hept-3-en-6-one
(1.60 g, 13.1 mmol) was  added dropwise at 0C over 10
minutes, and the mixture was  stirred at room
temperature for 4 hours. The mixture was  treated with
water, followed by extraction with diethyl ether.  The
organic layer was dried over anhydrous magnesium
sulfate.  Then, the solvent was distilled off under
reduced pressure,  and the residue was purified by
silica gel column  chromatography to obtain the
compound of interest as a yellow  o_l substance (1.80
g, 62%) .  (38-b) Tert-butyl
()-[(1S,5R,6R))-6-(nitromethyl)-1-
methylbicyclo[3.2.0]hept-3-e^-6-ylidene]acetate
Tert-butyl
()-[(lS,5R)-l-mechylbicyclo[3.2.0]hept-3-en-
6-y_idene]acetate (1.80 g, 8.2 mmol) was dissolved in
nitromethane (30 mL). To the solution, 1,8-
diazabicyclo[5.4.0]undec-7-ene (1.52 g, 10.0 mmol) was
added,  and the mixture was stirred at 60C for 11
hours. The  mixture was allowed to cool, and a
saturated aqueous solution  of potassium dihydrogen
phosphate was then added thereto,  



followed by extraction with ethyl acetate. The organic
layer  was dried over anhydrous magnesium sulfate. The
solvent was  distilled off under reduced pressure, and
the residue was 160  purified by silica gel
chromatography to obtain the compound  of interest as
a yellow oil substance (1.80, 78%) . (38-c) Tert-butyl
() - [ (lS, 5S, 6R) -6- (aminomethyl) -1-
methylbicyclo[3.2.0]hept-3-en-6-yl]acetate  Tert-butyl
() - [ (1S, 5R, 6R) -6- (nitromethyl) -1
methylbicyclo[3.2.0]hept-3-en-6-ylidene]acetate (1.80
g, 6.4  mmol) was dissolved in ethanol (45 mL). To the
solution,  iron powder (6.52 g, 51.1 mmol) and then an
aqueous ammonium  chloride (0.34 g, 6.4 mmol) solution
(15 mL) were added, and  the mixture was stirred for
4.5hours under heating to reflux.  The mixture was
allowed to cool and then filtered through  Celite to
remove insoluble matter. The solution was
concentrated, and the residue was diluted with ethyl
acetate.  The dilution was washed with a saturated
aqueous solution of  sodium bicarbonate and dried over
anhydrous magnesium sulfate.  Then, the solvent was
distilled off under reduced pressure,  and the residue
was purified by silica gel column  chromatography to
obtain the compound of interest as a  colorless oil
substance (0.90 g, 56%). (38-d) () - [ (lS, 5R, 6R)
-6- (aminomethyl) -1-
methylbicyclo[3.2.0]heor-3-en-6-yl]acetic acid
Tert-butyl () - i (1S, 5S, 6R) -6- (aminomethyl) -1
methylbicyclo[3.2.0]hept-3-en-6-yl]acetate (0.90 g,
3.6=01)  was dissolved in a 4 N hydrochloric
acid-ethyl acetate  solution (20 mL), and the solution
was stirred at room  temperature for 2 hours. Then,
the solvent was distilled off under reduced pressure.
The residue was suspended by the  addition of
dichloromethane. To the suspension, 



- 161  triethylamine was then added dropwise, and the
resulting  powder was collected by filtration. The
obtained powder was  washed with dichloromethane to
obtain the compound of  interest as a white powder
(0.33 g, 47%). [0146]  (Example 39)
(){(1R,5R)-6-(aminomethyl)-7-
methylbicyclo[3.2.0]hept-3-en-6-yl}acetic acid
(exemplary  compound No: 7) (39-a) Tert-butyl (=){
(1R,5R)-7-methylbicyclo[3.2.0]hept-3- en-6-ylidene}
acetate The compound of interest was obtained as an
oil  substance (5.88 g, 53%) in the same way as in
Example (1=-e)  from
()(lR,5R)-7-methvibicycio[3.2.0]hept-3-er.-6-one (J.
Org.  Chem., 1988, 53, 5320) (6.16 g, 50.4 mmol). The
compound of  interest was a diastereomeric mixture
mainly composed of two  diastereomers. (39-b)
Tert-buty- (){(1R,5R)-7-methyl-6-
(nitromethy=)bicycio[3.2.0]hepr-3-en-6-vi}acetate  The
compound of interest was obtained as an oil substance
(4.07 g, 56%) in the same way as in Example (1-c)
from terr-bury=
(){(1R,5R)-7-methylbicyclc[3.2.O]hept-3-en-
6-ylidene}acetate (5.74 g, 26.1 mmol). The compound of
interest was a diastereomeric mixture mainly composed
of  three diastereomers. (39-c) Tert-butyl (T) {
(1R,5R) -6-{ [ (tert-
butoxycarbonyl)aminojmethyl}-7-methylbicyclo[3.2.O]hep
t-3-en- 6-yl}acetate - 162  The compound of interest
was obtained as an oil  substance (1.11 g, 89%) in the
same way as in Example (3-a)  from tert-butyl () {
(1R, 5R) -7-methyl-6- 



(nitromethyl)bicyclo[3.2.0]hept-3-en-6-yl}acetate
(1.00 g,  3.55 mmol). The compound of interest was a
diastereomeric  mixture mainly composed of two
diastereomers. (39-d) () { (1R, 5R) -6- (aminomethyl)
-7- methylbicyclo[3.2. 0]hept-3-en-6-yl}acetic acid
The compound of interest was obtained as a white solid
(281 mg, 460) in the same way as in Example (1-e) from
tert- butyl
(){(1R,5R)-6-{[(tert-butoxycarbonyl)amino]methyl}-7-
methylbicyclo[3.2.0]hept-3-en-6-yl)acetate (1.11 g,
3.16 mmol). The compound of interest was a
diastereomeric mixture  mainly composed of two
diastereomers. [0147]  (Example 40)
{(1S,5R,6R)-3-ethyl-6 [(methylamino)methyl]
bicyclo[3.2.0]hept-3-en-6-y1}acetic acid
hydrochloride (exemplary compound No: 44) /CH;  H NH
//"/ COO H  CH; H  (40-a) ( 1 S [ (tert-but
oxycarbonyl) amino Imethyl }-3-
ethylbicyclo[3.2.0].hept-3-en-6-yl]acetic acid 163
[(1S,5R,6R)-6-(aminomethyl)-3-ethylbicyclo[3.2.0]hept-
3 en-6-yl]acetic acid p--oluenesulfonate (2.48 g, 6.50
mmol)  was dissolved in a mixed solution of water (6.5
mL), a I M  aqueous sodium hydroxide solution (10 mL),
and 1,4-dioxane  (13 mL). To the solution,
di-tert-butyl dicarbonate (2.84 g,  13.0 mmol) was
added with stirring at room temperature. The  mixture
was stirred overnight at this temperature, and the
reaction solution was then made acidic by the addition
of 1 M  



citric acid, followed by extraction with methylene
chloride.  The organic layer was washed with saturated
saline and dried  over anhydrous sodium sulfate. The
residue was filtered and  concentrated under reduced
pressure to obtain the compound of  interest as an oil
substance (2.01 g, >99%). (40-b)
[(1S,5R,6R)-6-{[(tert-
butoxycarbonyl)(methyl)amino]methyl}-3-
ethylbicyclo[3.2.0]hept-3-en-6-yl]acetic acid Sodium
hydride (63%, 2.48 g, 65.0 mmol) was added in  small
portions to a tetrahydrofuran solution (25 mL) of
[(1S,5R,6R)-6-{[(tert-butoxycarbonyl)amino] methyl
}-3- ethylbicyclo[3. 2. 0]hept-3-en-6-yl]acetic acid
(2.01 g, 6.50  mmol) and methyl iodide (4.05 mL, 65.0
mmol) with stirring at  room temperature. The mixture
was stirred at this  temperature for 6 hours, and
water (50 mL) was then added  thereto while the
reaction solution was cooled on ice,  followed by
washing with diethyl ether. The aqueous layer  was
made acidic using _ M citric acid, followed by
ex-rac-pion  with ethyl acetate. The organic layer was
dried over  anhydrous sodium sulfate. The residue was
filtered and 164  concentrated under reduced pressure.
Then, the obtained  crude product was purified by
silica gel column  chromatography to obtain the
compound of interest as an oil  substance (2.00 g,
950). (40-c) { (1S, 5R, 6R) -3-ethyl-6-
[(methylamino)methyl]bicyclo[3.2.0]hept-3-en-6-yl}acet
ic acid  hydrochloride A 4 N hydrochloric acid-ethyl
acetate (13 mL) was added  to [ (1S, 5R, 6R) -6-{ [
(tert butoxycarbonyl)(methyl)amino]methyl}-3-
ethylbicyclo[3.2.C]hept-3-en-6-y_] acetic acid (0.90
g, 2.78  



mmol), and the mixture was stirred at room temperature
for 1  hour. The mixture was concentrated under
reduced pressure,  and the obtained. residue was
recrystallized from hexane- isopropanol to obtain the
compound of interest as a white  solid (0.34 g, 47%).
[0148]  (Example 41) () [ (1S, 5R, 6S) -6-
(aminomethv-) -2-
ethylbicyclo[.3.2.0]hept-3-er_-6-vl]acetic acid (41-a)
Tert-butyl _L (2-ethylbut-3-en-1-yl)oxy]dimethylsilane
(Methvl)triphenvlphosphonium bromide (59.1 g, 165
mmol)  was suspended in tecrahydrofuran (330 mL). To
the suspension,  n-butyllithium (1.57 M hexane
solution, 97.3 mL, 153 mmol)  was gradually added with
stirring at CC. The mixture was  stirred at this
temperature for 1 hour, and a tetrahydrofuran
solution (110 mL) of 2-({[tert-
butyl(dimethyl)silvl]oxy}methyl)butanal (Tetrahedron
2004, 60,  9307) (27.6 g, 127 mmol) was then gradually
added thereto. - 16~  The mixture was stirred at 0C
for 2 hours, and the reaction  was then terminated by
the addition of a saturated aqueous  solution of
ammonium chloride and water, followed by  extraction
with ethyl acetate. The organic layer was washed  with
a saturated aqueous solution of ammonium chloride,
water,  and saturated saline and then dried over
anhydrous sodium  sulfate. The residue was filtered
and concentrated under  reduced pressure. Then, the
obtained crude product was  purified by silica gel
column chromatography to obtain the  compound of
interest as an oil substance (19.9 g, 730). (41-b)
Ethyl (2E)-3-ethylhepta-2,1'0-dienoate  Tetrabutyl
ammonium fluoride (1 M tetrahydrofuran  solution, 99.3
mL, 99.3 mmol) was added to a diethyl ether  solution
(80 mL) of tert-butyl[(2-ethylbut-3-en-1- 



yl)oxy)dimethylsilane (19.9 g, 93 mmol) with stirring
at room  temperature. The mixture was stirred
overnight, and the  reaction solution was then
separated into aqueous and organic  layers by the
addition of water, followed by extraction with
diethyl ether. The organic laver was washed with water
and  saturated saline and then dried over anhydrous
sodium sulfate.  The residue was filtered and
concentrated under reduced  pressure, and the residue
was then dissolved in methylene  chloride (180 mL). To
the solution, triethylamine (2-3.7 mL,  186 mmol) and
methanesulfonyl chloride (10.8 mL, 139 mmol)  were
added with stirring at 0C. The mixture was stirred
overnight at 0C, and the reaction solution was then
separated into aqueous and organic layers by the
addition of  1 M hydrochloric acid (200 mL), followed
by extraction with - 166  methylene chloride. The
organic layer was washed with  saturated saline and
dried over anhydrous sodium sulfate.  The residue was
filtered and concentrated under reduced  pressure, and
the residue was then dissolved in dimethyl  sulfoxide
(240 mL) and water (12 mL) To the solution,  potassium
cyanide (15.1 g, 232 mmol) was added. The mixture  was
stirred overnight at 60C, and water (400 mL) was then
gradually added thereto while the reaction solution
was  cooled on ice, followed by extraction with
diethyl ether.  The organic layer was washed with
water and saturated saline  and then washed with
anhydrous sodium sulfate. The residue  was filtered
and concentrated under reduced pressure, and the
residue was then dissolved in toluene (150 mL) . To
the  solution, diisobutyl aluminum hydride (0.99 M
toluene  solution, 169 mL, 167 mmol) was added
dropwise with stirring  at -78C. The mixture was
stirred at this temperature for 1  hour, and a 30%
aqueous acetic acid solution (167 mL) was  



then gradually added thereto while the reaction
solution was  gradually heated. To this reaction
solution, a saturated  aqueous solution of sodium
bicarbonate (130 mL) was added  with stirring at 0C,
and the mixture was then separated into  aqueous and
organic layers, followed by extraction_ with  toluene.
The organic layer was washed with water, a  saturated
aqueous solution of sodium bicarbonate, and  saturated
saline and dried over magnesium sulfate. After
filtration, ethyl (triphenylphosphoranylidene)acetate
(33.9 g,  97.4 mmol; was added to the filtrate, and
the mixture was  stirred overnight at room.
temperature. The reaction solution - 167  was
concentrated, and the obtained crude product was then
purified by silica gel column chromatography to obtain
the  compound of interest as an oil substance (9.52 g,
560).  (41-c) (2E)-5-ethylhepta-2,6-dienoic acid
Lithium hydroxide monohydrate (4.39 g, 104 mmol) was
added to a tetrahydrofuran:methanol:water (3:3:1, 100
mL)  mixed solution of ethyl
(2E)-5-ethylhepta-2,6-dienoate (9.52  g, 52.2 mmol),
and the mixture was stirred overnight at room
temperature. The reaction solution was concentrated
under  reduced pressure. To the residue, water was
then added,  followed by washing with diethyl ether.
The aqueous layer  was made acidic by the addition of
5 N hydrochloric acid,  followed by extraction with
ethyl acetate. Then, the organic  layer was washed
with saturated saline and dried over  anhydrous sodium
sulfate. The residue was filtered and  concentrated
under reduced pressure to obtain the compound of
interest as an oil substance (8.00 g, >990). (41-d)
Tert-butyl ()[(1S,5R)-2-ethylbicyclo[3.2.0]hept-3-en-
6-ylidene] acetate The compound of interest was
obtained as an oil  



substance (3.00 g, 44%, Major/Minor=3/1) in the same
way as  in Example (7-c) from
(2E)-5-ethylhepta-2,6-dieno cc acid  (4.50 g, 29.4
mmol). (41-e) Tert-butyl () [ (1S, 5R, 6S) -2-ethyl-6-
(nitromethyl)bicyclo[3.2.0]hePr-3-en-6-yl]acetate  The
compound of interest was obtained as an oil substance
(3.52 g, 93%, Major/Minor=3/1) in the same way as  in
Example (1-c) from tert-butyl () [ (1S, 5R) -2 168 -
ethylbicyclo[3.2.0]hept-3-en-6-ylidene]acetate (3.00
g, 12.8  mmol). (41-f) Tert-butyl
()[(1S,5R,6S)-6-(aminomethyl)-2-
ethylbicyclo[3.2.0]hept-3-en-6-yl]acetate  The
compound of interest was obtained as an oil substance
(2.75 g, 87%, Major/Minor=3/1) in the same way as  in
Example (4-a) from tert-butyl () [ (1S, 5R, 6S)
-2-ethyl -6-
(nitromethyl)bicyclo[3.2.0]hept-3-en-6-yl]acetate
(3.52 g,  11.9 mmol). (41-g) () [ (1S, 5R, 6S) -6-
(aminomethyl) -2-
ethylbicyclo[3.2.0]hept-3-en_-6-yi]acezic acid p-
toluenesulfonate p-Toluenesul_onic acid monohydrate
(2.17 g, 11.4 mmol)  was added to a benzene solution
(20 mL) of tert-butyl
()[(1S,5R,6S)-6-(aminomethyl)-2-ethylbicyclo[3.2.0]hep
t-3- en-6-yl]acetate (2.75 g, 10.4 mmol), and the
mixture was  refluxed for 1 hour. The mixture was
allowed to cool, and  the deposited solid was then
washed with methylene chloride  to obtain the compound
of interest as a gray solid (3.17 g,  80%,
Major/Minor=3/1). (41-h) () [ (1S, 5R, 6S) -6-
(aminomethyl) -2-
ethylbicyclo[3.2.0]hept-3-en-6-yl]acetic acid  () [
(1S, 5R, 6S) -6- (aminomethyl) -2 



ethylbicyclo[3.2.0]hept-3-en-6-yl]acetic acid p-
toluenesulfonate (3.17 g, 8.31 mmol) was suspended in
methylene chloride (35 mL). To the suspension,
triethylamine  (1.27 mL, 9.14 mmol) was added with
stirring at room  temperature. The mixture was stirred
at this temperature for 169  3 hours, and the
deposited solid was then collected by  filtration and
washed with methylene chloride to obtain the  compound
of interest as a white solid (1.58 g, 91%,
Major/Minor=3/1). [0149]  (Example 42)
()[(1R,5S,6S)-6-(aminomethyl)-3-
vinylbicyclo[3.2.0]hepz-3-en-6-yl]acetic acid (42-a)
() - (1R, 5R) -spiro [bicyclo [3. 2 . 0] heptane-6, 2'
- [1,3]dioxolan]-3-one A tetrahydrofuran solution (120
mL) of () - (1' R, 2' R, 4' S, 6' R) -spiro [1,
3-dioxolan-2, 7' - [3]oxatricyclo[4.2.0.02,4]octane]
(J. Chem. Soc. Perkin Trans.  1, 1980, 852) (20.0 g,
119 mmol) was gradually added dropwise  to a
tetrahydrofuran suspension (480 mL) of lithium
aluminum  hydride (6.77 g, 178 mmol) with stirring at
0C. The mixture  was stirred overnight at room
temperature, and  tetrahydrofuran (200 mL), water (6.8
mL), a 15% aqueous  sodium hydroxide solution (6.8
mLj, and water (20.4 mL) were  then added thereto
while the reaction solution was cooled on  ice. The
mixture was stirred at room temperature for 3 hours.
The mixture was filtered through Celite and
concentrated  under reduced pressure. Then, the
obtained crude product was  purified by silica gel
column chromatography (separation from  positional
isomers in regard to hydroxyl groups) to obtain () -
(1R, 3R, SR) -spiro [bicycio [ 3.2.0 ] heptane-6, 2'
[1, 3] dioxolan] -3-o1 as an oil substance (7.78 g,
38%) 



.  Dimethyl sulfoxide (9.11 mL, 128 mmol) was added to
a methylene chloride solution (110 mL) of oxalyl
chloride (5.50 - 170  mL, 64.2 mmol) with stirring at
-78C, and the mixture was  stirred at this temperature
for 5 minutes. Then, a methylene  chloride solution
(30 mL) of the above-obtained alcohol (7.28  g, 42.8
mmol) was added thereto. The mixture was stirred at
this temperature for 15 minutes. Then, triethylamine
(23.7  mL, 171 mmol) was added thereto, and the
mixture was heated  to room temperature and stirred.
The mixture was separated  into aqueous and organic
layers by the addition of 0.1 M  hydrochloric acid.
The organic layer was washed with 0.1 M  hydrochloric
acid, water, and saturated saline and then dried  over
anhydrous sodium sulfate. The residue was filtered and
concentrated under reduced pressure. Then, the
obtained  crude product was purified by silica gel
column  chromatography to obtain the compound of
interest as an oil  substance (6.61 g, 92%). (42-b)
()-(lR,SS)-spiro[bicyclo[3.2.0]hept-3-ene-6,2'- [1,
3]dioxolan]-3-yl trifluoromethanesulfonate Potassium
bis(trimethylsilyl)amide (0.5 M  tetrahydrofuran
solution, 96.8 mL, 48.4 mmol) was added to
tetrahydrofuran (180 mL), and a tetrahydrofuran
solution (85  mL) of (=) - (lR, 5R) -spiro [bicyclo [3
. 2 . 0] heptane-6, 2' - [1,3]dioxolan]-3-one (6.11 g,
36.3 mmol) was gradually added  dropwise thereto with
stirring at -78C. The mixture was  stirred at this
temperature for 2 hours, and a  tetrahydrofuran
solution (95 mL) of N  phenylbis (tri
fluoromethanesulfonimide) (17.3 g, 48.4 mmol)  was
then gradually added dropwise thereto. The mixture was
heated to room temperature and stirred overnight.
Then, the 



- 171  reaction was terminated by the addition of a
saturated  aqueous solution of ammonium: chloride and
water, and the  mixture was separated into aqueous and
organic layers,  followed by extraction with diethyl
ether. The organic layer  was washed with saturated
saline and dried over anhydrous  sodium sulfate. The
residue was filtered and concentrated  under reduced
pressure. Then, the obtained crude product was
purified by silica gel column chromatography
(separateion from  positional isomers in regard to
olefin) to obtain the  compound of interest as an oil
substance (4.74 g, 430).  (42-c) (_) - (1R, 5S)
-3-vinylspiro [bicyclo [ 3 .2 . 0]hept-3-ene-
6,2'-1,3]dioxo1ane: Lithium chloride (1.97 g, 46.4
mmol),  tetrakis(triphenyiphosphine)palladium (0)
(0.36 g, 0.31 mmo=),  and tributyl(vinyl)tin (2.47 mL,
8.50 mmol) were added to a  tetrahydrofurar. solution
(60 mL) of () - (1R, 5S) -
spiro[bicyclo[3.2.0]hept-3-ene-6,2'-1-1,3]dioxclan]-3-
yl  trifluoromethanesulfonate (2.32 g, 7.73 mmol). The
mixture  was heated to reflux for 2 hours, and water
was then added to  the reaction solution, followed by
extraction with diethyl  ether. The organic layer was
washed with saturated saline  and dried over anhydrous
sodium. sulfate. The residue was  filtered and
concentrated under reduced pressure. Then, the
obtained crude product was purified by silica gel
column  chromatography to obtain the compound of
interest as an oil  substance (990 mg, 720;. (42-d)
Tert-butyl () [ (1R, 5S) -3-vinylbicyclo [ 3.2.0 ]
hept-3-en- 6-ylidene ] ace to to 172  () - (1R, 5S)
-3-vinylspiro [bicyclo [3.2. 0] hept-3-ene-6, 2!_
[1,3]dioxolane] (990 mg, 5.55 mmol) was dissolved in a
mixed  



solvent of acetonitrile (16 mL) and water (7 mL) To
the  solution, 2 N sulfuric acid (2.60 mL) was added
with stirring  at room temperature. The mixture was
stirred at room  temperature for 7 hours, and the
reaction solution was then  neutralized by the
addition of a saturated aqueous solution  of sodium
bicarbonate, followed by extraction with ethyl
acetate. The organic layer was washed with saturated
saline  and dried over anhydrous sodium sulfate. The
residue was  filtered and concentrated under reduced
pressure. Then, the  compound of interest was obtained
as an oil substance (710 mg,  55%, Major/Minor=2/1) in
the same way as in Example (11-e)  from the obtained
(1R,5S)-3-vinylbicyclo[3.2.0]hept-3-en_-6- one. (42-e)
Tert-butyl ()[(1R,5S,6S)-6-(nitromethyl)-3-
vinylbicyclo [ 3.2.0 ] hept-3-en- 6-y_ ] acetate The
compound of interest was obtained as an oi=  substance
(670 mg, 75%) in the same way as in Example (1-c)
from tert-butyl () [
(1R,5S)-3-vinylbicyclo[3.2.0]hept-3-er_-6- ylidene]
acetate (710 mg, 3.06 mmol). (42-f) Tert-butyl () [
(lR, 5S, 6S) -6- (am nnomethyl) -3-
vinylbicyclo[3.2.0]heot-3-en-6-y=]acetate  The
compound of interest was obtained as an oil substance
(527 mg, 88%) in the same way as in Example (4-a)
from tert-butyl () [ (1R, 5S, 6S) -6- (nitromethyl)
-3- vinylbicyclo[3.2.0]hept-3-en-6-yl]acetate (670 mg,
2.28 mmol). 173 - (42-g) () [ (1R, SS., 6S) -6-
(aminomethyl) -3-
vinylbicycio[3.2.0]hept-3-en-6-yl]acetic acid p-
toluenesulfonate The compound of interest was obtained
as a light gray  solid (590 mg, 78%) in the same way
as in Example (411-g) from  test-bury-
(T)[(IR,5S,6S)-6-(aminomethyl)-3- 



vinylbicvclo[3.2.0]hept-3-en-6-vl]acetate (527 mg,
2.00 mmol)  (42-h) () [ (1R, 5S, 6S) -6- (aminomethyl)
-3- vinylbicyclo[3.2.0]hept-3-en-6-yl]acetic acid The
compound of interest was obtained as a Light brown
solid (286 mg, 89%) in the same way as in Example
(41-h) from
(1)[(IR,5S,6S)-6-(aminomethyl)-3-vinylbicvclo[3.2.0]he
pt-3- en_-6-yl]acetic acid p-toluenesulfonate (590 mg,
1.55 mmol).  [0150] (Example 43) () [ (lR, 5S, 6S) -6-
(aminomethyl) -3-
.ethynylbicyclo[3.2.0]hept-3-en-6-yl]acetic acid
(43-a) () -Trimethv- [ (1R, SS) -spi ro [bicyclo [
3.2.0] hens-3-ene-
6,2'-~Ll,3]dioxolan]-3-ylethynyl]silane
Bis(criphenylphosphine)palladium (~i) chloride (98%,
0.29 g, 0.40 mmol), 2,6-lutidine (1.41 mL, 12.1 mmol),
trimethylsilylacetylene (1.45 mL, 10.5 mmol), and
copper (I)  iodide (0.15 g, 0.81 mmol) were added to a
dimethvlformamide  solution (5 mL) of the
(-)-(1R,5S)-spiro[bicyclo[3.2.0]hept-
3-ene-6,2'-[1,3]dioxolanj-3-yl
trifluoromethanesulfonate (2.42 g, 8.06 mmol) obtained
in Example (42-b). The mixture  was heated with
stirring at 50C for 2 hours, and a saturated  aqueous
solution of ammonium chloride was then added to the
reaction solution, followed by extraction with diethyl
ether. 174  The organic layer was washed with
saturated saline and dried  over anhydrous sodium
sulfate. The residue was filtered and  concentrated
under reduced pressure. Then, the obtained  crude
product was purified by silica ael column
chromatography to obtain the compound of interest as
an oil  substance (1.78 g, 890). (43-b) Tert-butyl ()
-{ (1S, 5S) -3-
[(trimethvlsily-L)ethyn_yl]bicyclo[3.2.0]hept-3-en-6-
ylidene}acetate 



The compound of interest was obtained as an oil
substance (1.50 g, 69%, Major/Minor=2/1) in the same
way as  in Example (42-d) from () -trimethyl [ (1R,
5S) -
spiro[bicyclo[3.2.0]heat-3-ene-6,2'-[1,31dioxolan]-3-
ylethynyl ] silane (1.78 g, 7.17 mmol). (43-c)
Teri-butyl () - [ (1R, 5S, 6S) -3-ethynyi-6-
(nitromet.hvl)bicyclo[3.2.0]hept-3-er.-6-vl]acetate
The compound of interest was obtained as an oi'
substance (870 mg, 60%) in the same way as in Example
(1-c)  from tert-butyl () -{ (1S, 5S)
[(trimethylsilyl)ethvnyl]bicyclo[3.2.0]hept-3-er_-6-
ylidene}acetate (1.50 g, 4.98 mmol). (43-d) Tert-butyl
()-[(1R,5S,6S)-6-(aminomethyl)-3-
ethynylbicyclo[3.2.0]heot-3-en-6-yl]acetate  The
compound of interest was obtained as an oil substance
(630 mg, 81%) in the same way as in Example (4-a)
from tert-buty= (~)-[(1R,5S,6S)-3-ethynvl-6-
(nitromethvl)bicyclo[3. 2. 0] kept-3-en-6-y=]acetate
(870 mg,  2.99 mmol). 175 - (43-e)
()[(lR,5S,6S)-6-(aminomethvl)-3-
ethynylbicyclo[3.2.0]hep--3-en-6-yl]acetic acid p-
toluenesulfonare The compound of interest was obtained
as a pale yellow  solid (821 mg, 90%) in the same way
as in Example (41-g) from  tert-butyl
()-[(lR,5S,6S)-6-(aminomethyl)-3-
ethynylbicyclo[3.2.0]hept-3-en-6-yl]acetate (630 mg,
2.41  mmol). (43-f) ()[(lR,5S,6S)-6-(aminomethyl)-3-
ethynylbicvclo[3.2.0]hept-3-en-6-yl]acetic acid The
compound of interest was obtained as a light brown
solid (371 mg, 83%) in the same way as in Example
(41-h) from  



()[(lR,5S,6S)-6-(aminomethvl)-3-ethynylbicvclo[3.2.0]h
ept-3- en-6-y1 ] acetic acid p-toluenesulfonate (821
mg, 2.17 mmol) [0151j,  The physical analysis data of
the compounds described in  the Examples is shown
below. 176 - [Table 2] Example Analysis data  No.
1(1-a) 1H-NMR(400MHz, CDC13) :d ppm:2.21-2.26(2H, m),
2.32-2.37(2H, m), 5.01-5.08(2H, m). 5.75- 6.87(2H. m).
7.03-7.11(1H, m). 1(1-b) JH-NMR(400MHz, CDC13) :d ppm:
Major isomer 1.45 (9H, S), 2.29-2.35 (1H, m).
2.62-2.71 (2H, m), 2.89-2.98(l H. m), 3.27-3.35(lH,
m),  3.92 (1H, broad), 5.47-5.49 (1H, m), 5.80-5.87
(2H, m). Minor isomer 1.49 (9H, s), 2.42-2.48 (11L m),
2.62-27.71 (2H, m), 2.89-2.98 (2H, m), 4.34-4.36 (IH,
m),  5.37-5.38 (1H, m), 5.61-5.64 (2H, m). 1(1-c) MS
(FAB) : m/z : 268 (M+H)+, 290 (M+Na) 1H-NMR(400MHz,
CDC13) :d ppm: 1.45(9H, s), 1.53(IH, dd, J=7.5,
12.911z), 2.17(IH, d. J=15.2Hz),  2.31(IH, ddd, J=2.4,
8.6, 12.1Hz), 2.47 (2H, s), 2.52-2.58(IH, m), 2.87(1H,
quint, J=7.5Hz), 3.25- .2.66(1H, m), 4.78(1H, d,
J=11.4Hz), 4.87(IH. d, J=11.4Hz), 5.65-5.67(IH, m),
5.95(IH, dd. J=1.6,  5.9Hz). 1(1-d) 1H-NMR(400MHz,
CDC13) :d ppm: 1.39-1.49(IH, m), 1.44(91-I, s),
1.97(IH, ddd, J=2.8, 9.0. 11.7Hz),  2.14(1H, dd,
J=2.3, 16.8Hz), 2.25(IH, d, J=13.7Hz), 2.32(1H, d,
J=13.7Hz), 2.47-2.55(1H, m), 2.75(1H,  quint.
J=7.4Hz), 2.88(2H, s). 2.98-2.99(IH, m), 5.77-5.79(1H,
m). 5.87-5.89(1H,m). I(1-e) Mp:176-178C.
1H-NMR(400MHz, CDC13) :d ppm: 1.49(IH. dd, J=7.6,
12.5Hz ). 2.06(1H, ddd, J=2.6, 7.6, 12.5Hz),  2.17(1H,
dd. J=2.6, 16.8Hz), 2.49(2H, s), 2.48-2.56(IH, m),
2.86(IH, quint, J-7.6Hz), 3.15-3.16(1H, m),  3.18(1H.
d. J=12.7Hz), 3.22(IH, d, J=12.7Hz), 5.75-5.78(IH, m),
5.91-5.93(1H, m). IR (KBr) : cm-1: 2953, 2896, 2840,
1635, 1573, 1504, 1395, 1174, 724.  MS (EI) : m/z :
181 (M)+. Anal. calcd for CIOHI5NO2: C. 66.27; H.
8.34: N. 7.73: Found C. 65.13; H, 8.31; N, 7.64.
2(2-b) 1H-NMR(400MHz, CDC13) :d ppm: 1.39-1.49(IH. m),
1.44(9H, s), 1.97(IH, ddd, J=2.8, 9.0, 11.7Hz),  



2.14(IH. dd, J=2.3, 16.8Hz), 2.25(IH, d. J=13.7Hz),
2.32(1H, d, J=13.7Hz). 2.47-2.55(1H, m), 2.75(1H,
quint J=7.4Hz), 2.88(2H, s). 2.98-2.99(IH. m),
5.77-5.79(IH. m), 5.87-5.89(IH.m). 2(2-c) Mp.190-191C.
[a]25D -159.3 (c=1.06, H2O). 1H-NMR(400MHz, CD3OD) :d
ppm: 1.49(1H, dd, J=7.6, 12.5Hz ), 2.06(IH, ddd,
J=2.6, 7.6. 12.5Hz),  2.17(1H, dd, J=2.6, 16.8Hz),
2.49(2H, s), 2.48-2.56(1x, m), 2.86(1H, quint,
J=7.6Hz), 3.15-3.17(1H, m),  3.18(1x, d, J=12.7Hz).
3.22(IH, d, J=12.7Hz), 5.75-5.78(IH, m), 5.91-5.93(IH,
m). IR (KBr) : cm-1: 2953, 2896, 2840, 1635. 1573,
1504, 1395, 1174, 724.  MS (EI) : mh : 181 (M)+. Anal.
calcd for CIOHI5NO2: C, 66.27: H, 8.34: N. 7.73; Found
C. 63.81. H. 8.31: N. 7.75.  3(3-a) 1H-NMR(400MHz,
CDC13) :d ppm: 1.38-1.49(IH. m), 1.44(181-, s).
2.04(IH, ddd, J=2.7. 8.6;  11.3Hz), 2.08-2.12,
2.12-2.16(total 1H, dd, each s), 2.21(1x, d,
J=14.0Hz), 2.28(1H, d, J=14.5Hz).  2.46-2.55(IH, m),
2.80-2.91(1H, m), 3.02-3.08(11-, m), 3.36(1H, dd,
J=6.2, 14.11-1z), 3.45(1H. dd, J=6.6,  14.0Hz),
5.72-5.76(1H, m), 5.85-5.89(IH.m). 3(3-b)
IH-NMR(400MHz, CD3OD) :d ppm: 1.49(1H, dd, J=7.6,
12.5Hz ), 2.06(IH, ddd. J=2.6, 7.6, 12.5Hz),  2.17(IH,
dd, J=2.6, 16.8Hz), 2.49(2H, s), 2.48-2.56(1H, m),
2.86(IH, dt. J=16.8, 7.6Hz), 3.16(1H.  broad),
3.18(IH, d, J=12.7Hz), 3.22(IH, d, J=12.7Hz),
5.75-5.78(1H, m), 5.91-5.93(1H, m). IR (KBr) : cm-1:
2900, 1572, 1523, 1383  MS (EI) : rn/z : 181 (M)+.
Anal. calcd for CIOHI5NO2: C, 66.27: H, 8.34; N. 7.73;
Found C. 66.15; H, 8.33; N, 7.75.  [a]D : -155 (H2O,
c=1.0) Mp. 192-193C. 4(4-a) IH-NMR(400MHz, CDC13) :d
ppm: 1.39-1.49(1H, m), 1.44(9H, s), 1.97(1H, ddd,
J=2.8. 9.0. 11.7Hz),  2.14(lH, dd, J=2.3, 16.8Hz),
225(IH, d. J=13.7Hz). 2.32(1H, d, J=13.7Hz).
2.47-2.55(1H, m). 2.75(IH,  dt J=7.4, 16.8Hz .
2.88(2H. s). 2.99(1H, broad), 5.77-5.79(1x- m),
5.87-5.89(IH.m). - 177 - [Table 31 4 (4-b) 1H-NMR
(4001INz, CD30D) : b ppm: 1.49 (111, dd. J=7.6. 12.
5Hz 2.06 (111, ddd. J=2.6, 7.6, 12. 5Hz),  2.170H..
dd, J=2.6, 16.8Hz), 2.49 (211, s), 2.48-2.56(111, m),
2.86 (111, dt, J=7.6, 16.8Hz), 3.16 (111,  broad).
3.18 (111, d. J=12.7&). 3.22 (111. d. J=12. 7Hz) ,
5.75-5.78(11L m), 5. 91-5.93 (111, m) .  IR (Br) cm-I:
2901. 1571. 1524, 1383 



MS (EI.) : m/z : 181 ('1{)+. Anal. calcd for
CIOH15N'012: C. 66.27; H. 8.34; N, 7.73: Found C,
65.34; H, 8.43; N. 7.75.  (a ID : +155' (H2O, c=0) Mp
198-1991C.  5(5-a) Mp: 185-1861tr 111-N (400MHz,
CD30D) : 6 ppm: 1.51(111, dd, J=7.6. 12.7Hz ). 2. 16
(111, ddd, J=2.8, 7.6, Iii. 6Hz) ,  2.19 (111, dd,
J=2.2. 16.8Hz). 2.51(211, s). 2.53-2.59 (111, m), 2.89
(111. quint, J=7.6Hz),  3.18-3.19(111, m), 3.33(111,
d. 3=13.3Hz). 3. 370R d, J=13.3Hz), 5.70-5.73(111. m).
5.97-6.00(111.  m). IR (FBr) : am--1: 3128. 2914,
1702, 1498, 1236.  MS (FAB) : m/z : 182 (free+H)+.
Anal. calcd for C1OH16'02CI: C, 65. 17; H, 7i. 41; N,
6.43: Cl. 16. .29; Found C, 54.71; H, 7.43: 11,  6.38.
Cl: 18. 10. 6 Mp: 161-162`C. IF-NMR(400MHz, CD30D) :6
ppm: 1.51(111, dd, J=7.4, 12.7Hz), 2.12-2,21 (211, m),
2.51(211. s),  2.51-2.59(111. m), 2.89(111, quint ,
J=7.4Hz), 3.17-3.18(111, m), 3.32(1.11, d, J=13.3Hz),
3.36(111,  d. J=13. 3112) , 5.69--1. 71(111, m),
5.97-6.000H, m), 7.40-7.46 (311, m), 7.80-7.&4(211,
m). IR (RBr) : cm-1: 3094. 3053, 1704, 1514, 1445,
1236, 1163, 1034, 730.  MS (FAB+) : miz : 181
(free+H)+. Anal. calcd for CI6H2IN05S: C. 55.16; IL
6.36; N, 4.02: S, 9.20: Found C, 56.42; H, 6. 21: N,
4.0.1:  S. 9.51. 77(7-a) IH-NMR(400MHz, CDC13) : b
ppm: 0.89-0.94 OR. m), 1.58-1.75 (IH, m), 1.91-2.03
(111, m). 2.21-2.33  (111, m). 2.43-2.56 (211. m).
3.72 (311. s), 3. 84-4. 00 (111, m), 5.01-5.07 (211,
m), 5. 74-6. 84 (111,  m). MS (FAB) : m/z : 173
(M+H)+. 7(7 -b) IF-NMR(400MHz, CDC13) : 6 ppm:
0.90-0.94 (311, m), 1.64-1.74 (111, m), 1.93-2.00
(I.H, m), 2.24-2.32  (111. W, 2.45-2.61 (211, m),
3.87-4.03 (1.11, m). 5.03-5.08 (211, m)., 5.75-5.83
(111, m). MS (FAB) : m/z : 159 (M+11) 181 (M+Na)+.
7(7-c) 111-NMR(400Mfz, CDC13) 'b ppm: Major isomer
1.45 OR, s). 2. 11-2.22 (411. m), 2. 59-2. 71 M. m),
2. 87-2. 97 (111, m), 3.26-3.34 (111,  a), 3.87 (111,
broad), 5.22-5.23 (IH, m). 5.45-5.47 (111, m). Minor
isomer 1.49 (911, s), 2.11-2.21 (411. m), 2.43-2. 46
(111, m). 2.59-2.70 (1H, m) . 2. 75-2.83 (IH,  



m), ? 87-2.971 (111, m), 4.29 (111, broad), 5.36 (111,
s). 5.59 (111. s). MS (EI) : m/z : 220 (11)+. 7 (7-d)
1H-NMR (400Mhz. CDC13) : 6 ppm: 1.45 OR, s), 1.53 (LH.
dd, J=7.6, 12. 9Hz) . 1.80 (311, s), 2. 04 (111,  d,
J=16. 4Hz) , 2.29 (111. ddd. J=2.8. 7.6, 12.9Hz).
2.47(211, s). 2.49 (111, dd. H=7.6. 16.4Hz), 2.86
(111, quint, J=7.6Hz). 3.21-3.22 (111. m), 4.74 (IH,
d, J=11.7Hz), 4.84 (111, J=11.7112), 5.25 (111,  S).
7(7-e) Mp: 188-190t. 1H-NO (400MHz, CD30D) : b ppm :
1.40 (1H, dd, J=77.6, 12.3Hz) . 1.79 (311, s),
2.02-2.08 (211, m).  2.43-2.50 (111. m). 2.45 OR, d,
J=16.2Hz), 2.51 (111. d. J=16.2Hz), 2.85 (IR. quint.
J=7.6Hz).  3.05-3.12 OH, m). 3.13 (111, d, J=13.0Hz).
3.17 (111, d, J=13.0Hz), 5.36 (111, t, J=1.6Hz). IF11
(Br) cm-1: 2946, 2927. 2905, 2832, 156-1, 1525, 1396,
1384.  MS (FAB) : w z : 196 (M+H) +, 218 (M+Dia) +.
Anal. calcd for C11H17NOZ: C. 67.66: H. 8.78: N, 7.17;
Found C. C, 66.84; H, 8.78: N, 7.21.  8(5-a)
111-NIt1(400MHz, CDC13) -b ppm: 0.91 (311, t,
J=7.5Hz), 1.28 M. t. J=7.2Hz), 1.43-1. 55 (211, m).
1..98-2.28 (211, m). 2.45-2.48 (211, m), 2.88-2.93
(111. m), 4,07-4.10 (IH, m), 4.10-4.20 (211, a).
5.01-5.09 M. m). 5.75-5.86 (111, m). MS (FAB) :miz :
201 (M+H) 8(8-b) 1H-NMR(400MHz, CDC13) : 6 ppm:
0.91-0.96 (311, m). 1.39-1.52 (311, m), 2.01-2.28
(211, m), 2.52-2.55  (2P, m), 4.05-4.15 (211. m),
5.03-5.10 (211, m), 5.74-5.86 (111. m). MS (FAB) : miz
: 173 (M+11), 195 (M+Na)+. 178 - [Table 4] 8(8-c)
IH-NMR(400MHz, CDC13) :5 ppm: Major isomer 1.06 (31 t,
3=7.4Hz) . 1.45 (911, s), 2.07-2.22 (311, m),
2.59-2.70 (211, m), 2.87-2.96  (111, m). 3.30 (111.
ddt, 3=8.6, 18. 4, 2.71z) , 3.86-3.88 (111, m).
5.2-9-5.23 (111, m), 5. 45-5.47 (111.  m).  Minor
isomer 1.08 (311, t. J=7.3Hz), 1.49 (911. s).
2.07-2.21 (311. m). 2.43-2.47 (111, m), 2.59-2.70
(111, m), 2.75-2.85 (Ili, m), 2.87-2.96 (111, m),
4.28-4.31 (I11, m), 5.35-5.38 (111. m). 5.45-5.47
(111, m). MS (FAB) : mlz : 235 (M+H) +, 257 (M+Na) +.
8(8-d) 1H-NMR(400MHz, CDCI3) :6 ppm: 1.09 (311. t.
3=7.4Hz), 1.46 (911, s), 1.52 (111, dd. J=7.6.
13.2Hz),  2.06 (111, d, 16.6Hz), 2.14 (2 , q.
J=7.411z) , 2.30 (111, ddd, 3=2.4. 7.6, I3. 2Hz) ,
2.47 (211, s). 2.49  



(111, dd, 3=7.6, 16.6Hz) . 2.86 (111, quint, J=7.6117;
, 3.21-3.22 (lit m), 4.75 OR. d, J=11.7Hz) , 4.84
(111, d, 3=11.7Hz), 5.27 (111, s). MS (FAB) : mIz :
296 (M+H) +, 318 (M+Na) 4.  8(8-e) Mp: 175-176QC.
1H-NMR (400MHz, CD3OD) :S ppm: 1.10(3H, 6, J=7.4Hz),
1.48 (111, dd, J=7.5, I2.5Hz), 2.03--".08(211,  m). 2.
14(211. q. J=7.4Hz). 2.46(111, d. J=16.2Hz).
2.46-2.53(111. m). 2.51(111. d, 3=16.2Hz), 2. 85(111,
quint, J=7.SHz), 3.09-3.I0(111, m), 3.14(111. d.
3=13.0Hz), 3.18(IH. d. J=13.0z), 5.38(111, dd.  J=1.7,
3.7Hz). IR (KBr) : cm-1: 2962. 2928, 2897. 2877, 1559,
1527, 1403.  MS (AB) : miz : 210 (M+H)+, 232 (M+Na)+.
Anal. calcd for C12H19N02: C. 68.87 ; H, 9. 15; N.
6.69: Found C, C, 67.64: H. 9.18: N. 6.61. 9 (9-a)
1H-NMR (4001111z, CDC13) : 6 ppm: 0.90 (3H. t,
J=7.5Hz) , 1. 18-1. -1.55 (41L m), 1.95-2.30 (211, m)
.  2.42-2.53 (211, m), 2. 75-2.82 (111, m) . 3.72
(311, s), 4.01-4. 11 (111, m), 5.01-5.09 (211. m),
5.74-5.86  (111, m). 9(9-b) 111-N R(400MHz. CDC13) : b
ppm: 1.21 (311, t, 3=7.5Hz), 1.31-1.-1.43 (311. m),
1.54-1.58 (111, m).  2.00-2.29 (311, m). 2.47-2.59
(211. m). -1.04-4.11 (211, m). 6.03-5.10 (211. m),
5.77-5.89 (111, m).  9(9-c) IH-NMR (400MHz, CDC13) :6
ppm: Major isomer 0. 91 OR, t. J= 7.3Hz) , 1.45 (911.
s). 1. 48-1.50 (311, m). 2.06-2.19 (211, m), 2.57-2.70
(211, m), 2.87-2.96 (IH. m), 3.30 (111, ddt, 3=8.6,
18.4, 2.7Hz), 3.86 (111, broad). 5.2/-5.23 (iH,  m),
5.45-5.46 (111. m). Minor isomer 0.91 (311, t,
3=7.3Hz), 1.49 (911. s), 1.48-1.50 (311. m), 2.06-2.47
(211, m), 2.57-2.70  (211, m), 2.87-2.96 (21 m), 4.29
(111, broad). 5.34-5.35 (111, m), 5.45-5.46 (IH, m). 9
(9-d) 111-NMR (400MHz, CDC13) : 6 ppm : 0.91 (3H, t, 3
.4Hz) . 1.2 7-1. 32 (211, m), 1.46 (911, s). 1.45-1.58
(311. m), 2.03-2. 13 (211, m), 2.27-2.29 (111. m),
2.46-2.51 (211, m), 2.84-2.92 OR, m), 3. 22 (111,
broad), 4.75 (111, d, 3=11. 7Hz) . 4.85 (111, d. J=11.
7Hz) , 5.27 (111. s). 9(9-e) I1p: 174-175"C. 1 H-NMR
(400MHz, CD3OD) .6 ppm: 0.94 (3H. t, J= 7.4Hz) .
1.45-1.58(311, m) , 2.03-2.08(2H, m), 2.14(2H.  t,
J=8.OHz), 2.46-2.50(111, m), 2.48(111, d. 3=12.0Hz),
2.52(111, d, J=12.OHz), 2.85(111, quint,  J=7. 4Hz),
3. 10-3.12(111. m), 3.14(111, d, JJ13. 1Hz). 3.18(111,
d, 3=13.1Hz), 5.38(111, d. 3=1.7Hz).  IR (11Br) : cm-I
: 2957, 2928, 2905, 2834. 2629, 1540, 139 7 , 1380.
1285. MS (FAB) : mi z : 224 (M+H) +, 246 (M+Na) +.
Anal. calcd for CI3H21NO2: C, 69.92: H, 9.48: N, 6.27:
Found C. C. 69. 13; H. 9.51: N, 6.21.  



10(10-a) 1H-NMR(400MHz, CDCI3) : 6 ppm: 0. 90 (311. t,
J = 7 Hz), 1.20-1, 40 (611, m), 1.50-1.56 (111. m).
1.95-2.2 7 (311. m). 2.46-2.49 ( 211, m), 2.74 (111,
d. 3 = 4Hz) . 3.72 (311, s), 4.01-4. 10 (111, m),
5.00-5.10 (2H, m). 5. 74-5.85 (111. my. 10(10-c)
1H-NMR(400l1Hz, CDC13) : 5 ppm: 0.87-0.93 (3H, m).
1.25-1.45 (411, m). 1.46 (1.49) (911, s. 1.98-2.20
(31. m), 2. 40-2.95 W. m). 3.86-3.88 (4.29-4.40) (111,
m), 5.23 (5.05) (111. br. s) . 5.45 (5.35)  (111,
br.s.). 1000d) 111-14M (400!711=, CDC13) : 6 ppm: 0.92
(311, t, J = 7 Hz). 1.25-1.38 (411, m), 1.45 (9H, s'),
1.96-2.15  (411, m). 2.25-2.33 (1H. m). 2.45-2.55
(111. m). 2.47 (211. s), 2.81-2.88 (IH. m). 3.18-3.23
(IH,  m). 4.75 (111. d, .1 = 12 Hz). 4.84 (IH. d. J =
12 Hz), 5.26 (lit. s). IO(10-e) IH-NMR(400MHz, CDC13)
: 5 ppm: 0.91 (3H, t. J = 7), 1.25-1.49 (511, m). 1.41
(1811, s), 1.95-2.15  (411, m). 2.24 (211, dd, J = 14.
21 Hz), 2.40-2.50 (111. m), 2.75-2.90 (111, m).
2.97-3.03 (111. m),  31.30-3.45 (211, m). 4.99 (111,
br. s), 5. 33 (111, br. s) . 179 - [Table 51 10(10-f)
iB-?W (40OMHz, CD30D) : u ppm: 0.93 OR. t, J = 7 Hz),
1.26-1.53 (511. M). 1.97-2.17 (46. m),  2.48-2.51
(I11, m), 2.46 (111. d. J = 16 Hz), 2.50 (111. d, J =
16 Hz). 2. 82-2.91 (111, W. 3.05-3.11  (111, m), 3.14
(111. d, j = 13Hz), 3. 18 (111, d, J = 13 Hz). 5.38
(.111, br. s). IR (1r) : cm-1:
'-195-4.2926,1564,1525.1397  MS (EI) : m%z : 238 (M)+.
Anal. calcd for C14H23N02:0.21120: C. 69. 79: H, 9.79:
N. 5.81: Found C. 69.94: H, 9.74; N. 5.91.  MP. 150 t
(decomp. ) 11(11-b) IH-NMR(400MHz, CDC13) :6 ppm: 0.92
(isomerAlH, d. J=7.0Iiz), 0.93 (isomer83H, d.
J=7.OHz), 0.94  (isomerBlH, d, J=7.0112). 0.98
(isomerAlH, d, J=7.0Hz). 1.28-1.33 (isomerAl11, m).
1.41-1.46  (isomerBlR. m), 1.84 (isomerAlH, d-sept.
J=4.7, 7.0Hz), 1.95-2.07 (isomerBlll. m), 2.11-2.29
(211.  m). 2.44 (isomerBlH, dd, J=3. 1, 13.3Hz), 2.48
(isomerAlH, dd, J=3. 1, 13. 3Hz). 2.51-2.622 (111, m),
2.66 (isomerAlH, d, J=3.9Hz). 2.82 (isomerAlH, d.
J=3.9Hz), 3.72 (311, s). 4.04-4.09 (isomerAlH.  W,
4.18-4.22 (isomerAlH, m), 4.98-5.09 M. m). 5.81
(isomerBlH. ddt, J=10.2. 17.2. 7.0Hz). 5.89
(isomerAlH. dd , J=10.2, 17.2. 7. 0Hz) . 11(11-c) 1H-1
tR(400MHz, CDC113) --h ppm: 0.92 (isomerAlH, d.
J=7.O1tz), 0.93 (isomerB3H, d. J=77.OHz), 0.95
(isomer8311, d. J=7.0Hz). 0.98 (isomerA3H, d,
J=7.OHz), 1.32-1.37 (isomerAlH, m), 1.43-1.49
(isomerB1H, m), 1.85 (isomerAl11, d-sept, J=5.5,
7.Oiiz), 1.98 (isomerBlH, d-sept. J-4.3, 7. 011z).
2.04-2.25 (211, m), 2. 49-2. 68 (211, m). 4. 10
(isomerBll, dt, J=6.3, 3.1 Hz), 4.22 (isomerAlH, ddd, 



4.3. 9.4Hz), 5.01 (111. W, 5.08 (isomerBlH, ddd,
j=1.6, 3.2. 18. Oft), Z. 10 (isomerAlH, ddd.  J=1.8.
3.3, 17.0Hz). 5.81 (isomerBlH. m). 5.90 (isomerAlH.
ddd, J=7.0. 9.6, 17.0Hz).  11(11-d) 111-NMR(400MHz,
CDC13) : S ppm: 1.07 WE. d. J=6.7Hz), 2.35 O.R. m).
2.40 (111, sept, J=6.7Hz), 2.75-2.85 (311. m). 3.20
(111. m), 4.19 (111. br), 5.22 (111, br). 11 (1I-e)
I.H-N11R(400MHz, CDC13) : 6 ppm: EP. mixture 1.05
(isomerA3H, d. J=6.6112), 1.06 (isomerBlH, d.
3=6.611z), 1.06 (isomerA3H, d, J6.6Hz), 1.06
(isomerBlH, d, J=6.6Hz). 1.46 (isomerA9H, s), 1.49
(isomerB9H, s). 2.18-2.25 (111, m), 2.36 (111, sept.
J=6.6Hz), 2.41-2.68 (211, m). 2.87-2.95
(isomerBlH+1H, m), 3.29 (isomerAlH, ddt, J=8.6. 18.0.
2.7Hz), 3.83-3.88 (isomer ll, m), 4.26-4.31  (i somerB
lH, m), 5.21-5.23 (i.somerA ll. m) , 5.34-5.35 (i
somer. B1H, m). 5.43-5.45 (i somerB lH. M).  5.45-5.47
(isomerAlf. m). 11(11-f) IH-NMR(40030iz, CDC13) : b
ppm: 1.08 OR, d, J=6.8Hz), 1.09 (3H, d, J=6.8Hz), 1.46
(9H, s). 1.45-1.52  (111. m), 2.09 (111. d, J=16.4Hz),
2.30 (111, m). 2.41 (111, sept. J=6.8Hz), 2.47 (211,
s). 2.52 (111,  dd, J=7.8, 16.4Hz), 2.86 (111. quint,
J=7.8Hz). 3.20 (1F., br), 4.75 (111, d. J=11.5112),
4.85 (111 ,  d. J=11.5Hz). 6.26 (1H. s). 11(11-5)
1H-NMR(400)EHz, CDC13) : b ppm: 1.07 (311, d. J=6.
BHz). 1.09 (311, d, J=6.8Hz), 1.40 (111, m). 1.44  OR.
s). 1.95 (111. ddd. J=2. 3. S. 6, 12. IHz). 2.04 (111,
m) . 2.24 (111, d, J=13. 7Hz). 2. 31 (16, d,
3=13.7Hz), ?.40 (111, sept, J--6.8Hz). 2.48 (111, m),
2.73 (111. quint, J=7.8Hz). 2.85 M. s). 2.93  (111.
br), 5.37 (117 s). 11(21-h) Mp 161-163`C (decompose) :
IH-NMR(400MHz, CD30D) : b ppm: 1.09 (3H, d. J=6.7Hz),
1. 10 W. d. 3=6.7Hz), 1.46 (111, dd, J=7.4,  12. 111x)
, 2.02-2.11 (211, m), 2.42 (111, sept, J=6.7Hz) . 2.48
M. br). 2. 52 (IH. d. J=7.4Hz) , 2.85  (111, quint,
J=7.4Hz), 3.10 (111. br). 3.15 (111. d, J=13.0112).
3.20 (111, d. J=13.0112). 5.37 (111,  S ). MEW v max
1616.1. 1506.1: 1396.2 cm-1 11S(ESI+) m/z: 278 (M + Na
+ W E ) 268 C M - 2 I N a - H) +. 246 (M + Ira)-, 224
(M + H)=  HRMS(ESI+) calcd for (M + NO +: 246. 14700.
Found 246.14815 Q. 15 mmu). 13 (I2-a) IH.W (400MHz,
CDC13) : b ppm : 0. 89 (611. d. J = 7 Hz), 1. 1-1.3 M.
m). 1.55-1. 75 (211, m), 2. 10-2. 14  (11. m). 3.53
(111, dd. J = 6, 11 Hz). 3.57 (111, dd. J = 6, 11 HZ).
5. 01-5. 11 (211, m), 5. 73-5.87  t16. m). 12(12-c)
111-NMR (400MHz. CDC13) : 6 ppm: 0.86-0.92 (611, m).
1. 16-1.24 (211. m), 1.60-1. 73 (211, M). 1.96-2.29
(211. m). 2.40-2.53 (211. W, 2.73-2. 78 (111, m), 3.27
(311. s). 4.0-4.15 (1H, m). 5.01-5.11 OR, m),
5.77-5.85 (111, m). 



12(12-e) 111-NMR(400MHz.CDC 13) : 5 ppm:0.86-0.89
(611, m), 1.45 (1.49) O.H. m), 1.74-2.01 (411. m),
2.50-2.95  (411, mi. 3.25-3.90 (111, m). 5.20-5.24
(4.98-5.02) (111, m). 5.43-5.46 (5.30-5.36) (16, m).
12(12-f) IH-NMR (400MHz. CDC13) : b ppm: (1.90 M. d, J
= 6 Hz) . 0.92 ((3H, d. J = 6 Hz) , 1.46 (911, s).
1.50-1.55 (111, m), 1.76-1.83 (111. W. 2.02-2.07 (411,
m). 2.25-2.34 (111, m), 2.43-2.52 (111, M), 2.49 (211.
br. s), 2.84-2.91 (1F" m). 3.21-3.74 (OH, m), 4.76
(111. d j = 1L Hz), 4.85 (111. d 3 = 11 Hz), 5.27
(16, s). 12(I2-S) 1H-NIIR(400MHz.CUC13) : E ppm: 0.90
(311, d. J = 6 Hz), 0.92 ((311, d, j = 6 Hz).
1.40-1.50 (211, W.  1.44 (1811, s). 1.75-1.81 (111,
m). 1.95-2.05 (511, W, 2.25 (211, dd, J = 14, 22 Hz),
2.35-2.46 (111,  m.), 2.80-2.90 (111. n). 3.30-3.41
(21:, n). 4.98-5.04 (111. m). 5.33 (111. s). 180 -
[Table 6] 12(12-h) 1H-N11R(400MHz.CD30D) : o ppm: 0.90
(311 d. J = 6 Hz), 0.92 ((3H, d. J = 6 Hz), 1.48 (lfi
dd, J  = 7. 13 Hz), 1.81 (1H, sep. ,1 = 6 Hz).
2.02-2.08 (41{. m). 2.43-2.51 (311, m), 2.82-2.91 (1H,
a),  3.09-3.14 (1H.m), 3.16 (2H, dd, J = 13, 23 Hz),
5.37 (1H. s). Anal. calcd. for C141123N02 0.25H2O: C.
69. 58: H, 9.79: fi. 5.80: Found C. 69.31; H. 10.01: K
6.08.  IR (1 r) : curl: 2951, 2905, 1541, 1461. 1398
MS (EI) : m/z : 237 (M)+.  Mp 171-174t. 13(13-b)
1H-NMR(400MHz,CDC13) : d ppm: 0.85-0.92 (6H. m), 1.
13-1.33 (2H. m), 1.37-1.65 (3H, m), 2.12-116  (1H. m),
3.63-3.69 (2H, m), 4. 99-5. 10 (2H, m), 5.90 (1H. m).
13(13-d) 1H-NMR(400MHz,CDC13) :6 ppm: 0.86-0.96 (6H,
m). 1.10-2.05 (4H. W, 2.07-2.31 (21L m), 2.40-2.84
(3H. m). 3.72 (3H, s), 4.03-4.28 (11. m), 1.97-5.09
(2H. m). 5.74-5.96 (1H. M). 13 (13-e) 11H-NMR (400MHz.
CDC13) : 6 ppm : 0. 86-0.97 (6H. m). 1. 13-1.79 (4H,
m) . 1.97-2.31 (211 m), 2.47-2.69  (2H, m), 4.06-4.26
(1H, m), 4.99-5.12 M. m). 5.74-5.97 (1H, m). 13(13-f)
1H-NMR(400UHIz.CDC13) :5 ppm: 0.83 (isomer)Xfi. d.
J=7. Oft). 0.84 (isomerX3f1, d. J=7.0Hz). 1.04
(isomerx3H. d, J=7.0Hz), 1.04 (isomerX3H, d. J=7.0Hz),
1.33-1.52 (21L m), 2.22-2.37 (211, m),  2.85-2.88 (3H.
m), 3. 16-3. 24 (1H, m) . 4. I7-4.22 (1H, m). 5.24
(1H, br). 13 (13-g) 1H-NMR (400MHz, CDC13) : 6 ppm:
E/Z mixture 0.84 (3H, t. J=7.0Ifz) , 1.02-1.04 (311.
n). 1.29-1.48 (21,  m), 1.45 (i somerA9H. s). 1.49 (i
somer89H, s), 2.10-2.25 (2H, m), 2.40-2.68 M. m),
186-196  (isomerBlH+1H, m), 3.29 (isamerAll, m). 3.85
(isomerAli, br), 4.29 (isomerBlH. br), 5.2.1
(isomerAli. br). 5.34 (isomerBiH. m), 5.46
(isomerAlH+isomerBlH. m). 13(13-h)
1H-NIiR(5001SHz.CDC13) :6 ppm: 0. 86 (isomerX3H, t.
J=7.3Hz), 0.87 (isomerXH, t, J=7.3Hz), 1.05  



(isomerX3H. d. J=7.3Hz), 1.06 (isomerX3B, d,
J=7.3112). 1.46 OR. s). 1.33-1.57 M. m). 2.03
(isomerXlH, d, J=16.IHz). 2.08 (isomer%1H. d, J=16.
1Hz), 2.24-2.32 OR. m), 2.48 (711. m), 2.43-2.52_
(1H, m), 2.85 (1H, sep. J=7.3Hz). 3.21 (1H, br), 4.75
(1H, d, J=11.7Hz), 4.86 (1H. d, J=11.7Hz),  5.28 (1H.
s). 13(13-i) 1H-NMR(400MHz,CDC13) :6 ppm: 0.86
(isomer73H, t, J=7.4Hz). 0.87 (isomerX3H, t, J=7.4Hz).
1.04  (i somerX3H, d, J=7.0Hz), 1.06 (i somerX3H, d,
J=7.OHz), 1.33-1.51 M. m), 1.44 (911, s). 1.92-1.99
(1H, m), 1.99-2.06 (OH. m), 2.22-2.29 (1H, m), 2.25
(1H, dd. J=-2.7. 13.7Hz), 2.32 (1H, dd, J=2.0.
13.7Hz), 2.38-2.48 (1H. m). 2.72 (1H, sep. J=7.8Hz),
2.85 (2H, s). 2.94 (1H. br). 5.38 (1H, m).  13(13-j)
Up 151-154`(: 1H-NM (400)ffz. CD300) : o ppm : 0.87
(isomerX3H, t, J=7.4Hz) . 0.90 (isomerX31, t, J=7.
4Hz). 1.06  (isomerX3H. d. J=7.0Hz), 1.08 (isomerX3H,
d, J4. OW, 1.39 (1H, m). 1. 44-1.53 (2H, m). 2.00-2.10
(2H, W. 2.28 M. sep. 3=6.6Hz). 2.46 (1H, m). 2.49 (1H.
d, J=2.0Hz). 2.85 (iii, sep, J=7.4Hz).  3.11 (11. br).
3.14 (LH, d. J=12.9Hz), 3.20 (1H. d. J=12.911z). 5.40
(1H. d. J=2.OHz). MS(HSI+) m/z: 292 (M + Na + Me0H)+,
282 (11 + 2Na - H)+, 260 (M + Na)-. 238 (M + H)+
HRMS(ESI+) calcd for (M + Na)+: 260.16265. Found 260.
16353 (0.88 mmu). 14(14-a) 1H-NMR(400)1fiz,CDC13) :6
ppm: 1.11-1.21 (2H, m), 1.25 (3H, t, J=7.0Hz),
1.48-1.73 (511. m).  1.80-1.87 (1H, m), 1.94-2.05 OR,
m), 2.21-2.35 (2H, m), 4- 13 (2H, q, J=7.0Hz). 4.98
(111, ddd,  J=1.2. 2.0. 10.2Hz). 5.05 (1H. dd, J=1.2
17.2 Hz), 5.75 (lii, ddt, J=10.2 17.2, 7.0Hz).
14(14-b) IH-NMR(400MHz,CDC13) :6 ppm: 1.09-1.20 (2H.
m), 1.30 (1H. dd, J=5.9, 6.3Hz), 1.40-1.67 (SH, m).
1.71-1.85 M. m), 2.13 (111. ddt, 3=7.8, 14.1, 1.2fiz),
2.30 (1H. dddt, 3=4.3. 6.6, 14.1, 1.6Hz),  3.684H, dt,
J=10.6. 5.9Hz), 3.69 (1H, ddd, J=4.3, 6.3, 10.6Hz),
5.02 (1H. dtt, J=10.2. 1.2. 1.6Hz),  5.09 (1H, dd:,
J=1.2. 17<.2. 1.6Hz). 5.87 (11L dddd, J=6.6, 7.8.
10.2. 17.2Hz). 14(14-d) IH-NMR(400MHz.CDC13) :6 ppm:
1.11-1.26 (21t, m), 1.33-1.68 (51L m). 1.70-2.01 (311.
m). 2.41-2.73  (2H. m), 3.72 (311. s). 4.11-4.24 (lh.
m). 5.06 (isomerAli. ddd. J=1.6. 3.5, 15.6Hz). 5.08
(isomerB1 ddd, J=1.6, 3.5. 15.6Hz), 5.84-5.97 (1H, m).
14(14-e) 1H-11R(400MHz.CDC13) :6 ppm: 1.12-1.26 (2H,
m). 1.40-1.67 (511. m), 1.71-2.01 M. m), 2,19-2.27
(21(, m), 2.46-2.71 (2H, m). 4.18-4.25 (IH, m),
5.00-5.03 (1H, a). 5.06-5.10 (isomerA1H, m).
5.07-5.12 (isomerBiH, m), 5.84-5.97 OH, m). 14(14-f)
1H-M(400MHz,CDC13) :6 ppm: 1.36-1.45 (2H. m),
1.51-1.62 (2H, m). 1.62-1.69 (2H, m), 1.78-1.86  (2H,
m), 2.30-2.38 (1H. m), 2.54 (1H, quint, J=8.2Hz),
-1176-2.83 (3H m). 3.14-3.24 (1H, m).  4.16-4.21 (1H,
m), 5.23 (1H. m). 14(14-g) IH-NMR(500MHz.CDC13) : 6
ppm: Eli mixture 1.39-1.59 (1311, m), 1.62-1.69 M. M).
1.78-1.83 (211,  



m), 2.18-2.23 (1H. m). 2.51 OR, quint, J=7.SHz).
2.60-2.68 (211, m), 2.85-2.94 (isomerBlH+1H, m),  3.29
(isomerAlH, ddd. J--2.9, 5.9, 12.5-Hz),
3.85.(isomerAlH. br). 4.28 (isomerBlH. br). 5.23
(isomerA.11, s). 5.34 (isomer81H, m). 5.45 (1.H. m).
14 (14-h) 1H-NMR (4001&Hz. CDC13) : 6 ppm: 1.38-1.52
(12H, m), 1.56-1.72 (411, m). 1.82 (211, m). 2.08 (1H,
d.  J=16.4Hz), 2.29 (1H. ddd, J=2.7, 9.0, 12.9Hz),
2.46 (2H, s), 2.49-2.59 (2H, m), 2.86 (IH. Quint.
,i=7.8Hz). 3.20 (111. br). 4.74 (UH, d. J=11.7112),
4.85 (111, d, J=11.7Hz). 5.26 (IH. s). - 181 - [Table
7] 14(14-i) 1H-M1R(400Wiz.CDC13) :5 ppm: 1.37-1.49
(1211, m). 1.55-1.71 (41;, m), 1.52 (21L m), 1.95
(111, ddd.  3=2.7. 9.0, 12.5Hz), 2.04 (111, m), 2.23
(111, d, J=14. 1Hz), 2.31 (111, d. J=14.1Hz), 2.48
(111, m),  2.55 (111. Quin-- J.6Hz). 2.73 (111. quint.
J=7.4Hz). 2.85 (211. s). 2.94 (1H, br). 5.83 (11L s).
14(14-j) tip 165'C (decompse). 111-NNR(500MHz.COW :5
ppm: 1.44-1.52 (311. m), 1.56-1.73 (4H. m), 1.80-1.8;
(211, m). 2.05 (18.  ddd, J=2.9, 8.8, 11.7Hz),
2.07-2.10 (111, m). 2.48-2.53 (311, a), 2.58 (IH.
quint, J=S.3Hz). 2.85  (111, quint, J=7.8Hz), 3.09
(111, m), 3.13 (111, d. J--13.2Hz), 3.1.8 (1H. d,
J=13.2Hz). 5.39 (LH. s):  IR (KC1) v max 1616. 1,
1505.2. 1395.2 cm-1: MS(ESI+) m.tz: 272 (M + Na)-. 250
(M + H)+; HRLfS(ESI+) caicd for (M + H)+: 250.18070,
Found 250.18174 (1.04 mmu), 15(15-a) 1H-I !R (400)HHz,
CDC13) : 6 ppm: 2. 11-2.29 (411, m), 2.35-2.44 (Ili,
m), 5.05 (411, d, J=12.9Hz) ,  5.66-5.82 (3H. m).
6.930H. ddd. J=1.2, 8.6. 15.8Hz). 15(15-b)
11H4!R(400MHz,CDC13) :6 ppm: Major isomer 1.45 (911,
s). 2.18-2.22 (IH. m), 2.58-2.71 (211. m), 2.84-2.97
(311. m), 3.26-3.34 (111.  W, 3.87-3.88 (IF, m).
5.02-5.09 (211. m). 5.28-5.50 (211. m), 5.80-5.90
(111, m). Minor isomer 1.47 (911, s). 2. 18-2.22 (111,
m). Z. 58-2. 71 (211, m), 2.84-2. 97 OR, m), 3.
26-3.34 (111.  a), 4.31-4.32 (11 m). 5.02-5.09 (211,
m) , 5.28-5.50 (211, m). 5.80-5.90 (111, a). 15(15-c)
IF-IN R(400MHz,CDC13) : S ppm: 1.45 (911, s). 1.52
(111. dd, J=7.6, 13.2Jfz), 2.05-2. 10(111. m., 2.30
(111. ddd, J=2.4, 7.6. 13.2Hz). 2.47 (211, s), 2.51
(111, dd, J=8.6, 16.4Hz), 2.86 (IH, Quin--,. J=7.6Hz),
2. 88(2H, d, 6. 711z). 3.22-3.23 (IF, m), 4.75 (111.
d, ,1=11.7Hz). 4.84 (111, d, J=11.7Hz). 5.05-5.11
(28. m), 5.32(111. s). 5.81 5. 91(111, m). 15(16-d)
Mp: 175-176'C 1H-NMR(400MHz.CD300) :5 ppm: 1.49(111,
dd. J=7.5. 12.2Hz), 2.03-2.09(211. ml, 2.46(111, d.
J=16.2Hz), 2.49(111, dd. J=6.7, 15.511x), 2.51(111, d.
J=16.2Hz), 2.86(11., quint, J=;.SHz). 2.89(211.  



d, J=5.0Hz), 3.10-3.12(111, m). 3.14(11, d. J=13.
1Hz), 3.19(111, d, J=13. 1.Hz). 5.10-5.01(2K m). ':.
5.42(1.11. d, J=1.7Hz), 5.94-5.84(111, m). 18 (i 5r) :
cm-1: 2948. 2900, 2835. 1563, 1542, 1525, 1397, 1333,
910, 663.  M5 (EI) : miz : 2-.1 (M)+. Anal. caled for
CI3H19N02: C. 70.56: H, 8.65: X. 6.33: Found C. C.
69.69: H, 8.73: N. 6.31.  16(16-a)
IH-16!R(400MHz,C0C13) : 5 ppm: 1.27(311, t. J=7.OHz).
1.34(311, d, J=7.OHz). 2.31-.38(211, m),  2.56-2.74(M
a), 3.520H. q. J=7.0Hz), 4.19(2P, q, J=7. OHz) , 4.98.
5.00, 5.02. and 5. 05 (rota l  211. each dd. J=1.5, 3.
Utz, 1.6, 3.1Hz, 1.6, 3.2Hz and 1.6. 3.2Hz). 5.
75-5.85(11 m). 16(16-b) 1H-NMR (400MHz, CDC13) : 5
ppm: 1.20 and 1.23 (total 311, each d, J=7.0 and
7.4Hz), L. 29 (311, t,  J=7.OHz), 1.43-1.66(2R, m),
109-2.34(a., m), 2.47- 2.57011. m). 3.63-3.73 and
3.88-3.95 (total  111.. each m). 4.18(211, q,
3=7.0Hz), 4.97, 8.00. 5.04. and 5.08(total 21L each
m). 5.77-5,89(111,  A). 16(16-c)
1H-NMIt(400L1Hz,CDC13) : 5 ppm: 1.23 and 1.27(total
311. each d. J=7.4 and 7.1Hz), 1.47-1. 73(211,  a). 2.
10-2. 33(2H. m), 2.53- 2.67 (111, m), 3. 69-3. 76 and
3.93-4.02 (total 111, each m), 4.99, S. 02,  5. 05,
and 5.09(total 211. each m), 5.79-5.89(111, m).
16(16-d) IH-NMR (400)Uiz, MCI 3) :6 ppm: 1.29 (31 s),
2.44 and 2.48(111, d, J=18.0Hz) , 2.59-2.65(111, m),
2.75(111. dd, j=5.9. 18. tHz), 2.90(111, dd, J=7.8,
17.6Hz), 31.18(11L dd. J=8.6. 18. 1Hz),
5.45-5.48(111, W. 5.82-5.86011, m). 16(16-e)
IH-N1R(400MHz.CDC13) :5 ppm: 1.26(31:, s), 1.46(91 s).
2.30(111, d, J=16.9ftz), 2.47-2.60(211. m),  2.68-2.75
(111, m), 3.30 (111. ddd. J=2.4, 9.7, I7.9Hz),
5.44-5.47(111. m), 5.48-5.49 (111. m),  5.71-5.74(111,
m). 16(16-f) 1H-NMR(400MHz.CDC13) :5 ppm: 1.41(311,
s), 1.48(911, s), 1.60(111, dd. J=5.4, 11. 2Rz) ,
2.10-2.16(111,  m). 2.55(2H. s), 2.57-2.68(311. m) .
5.52-5.55 (111. m), 5.87-5.90 (111, m). byproduct :
IF-t' IR (400MHz. CDC13) :6 ppm : L. 10 (311, 9), 1.
48 (911, s). 2.09(a d. J=7.8. 12.711z).  2.18-2.20 and
2.21-2.22 (total 111, each m) . 2.30 (11 dd, J=8.8.
12.71W.2.51(111, dd, J=7.3, 7.9Hz),  2.60-2.66(11 m),
2.72(211. dd, J=16.1. 24.4Hz). 5.82-5.86(111. m).
5.87-5.91(111. m). 16(16-g) 111-NMR (4001111x. CDC13)
:6 ppm: 1.45, 1.46 and 1.48 (total 1811. each s).
1.54-1.62(41L m; ,  2. 00-2.20 (211. m). 2.55 (211,
s). 2.55-2.69M, m). 3.28 (11 dd, J=5.4, 13.7Hz), 3.62
(111, dd, J=6.9,  13.211x) , 5.52-5.55 (111. m),
5.8E-5.91(111, m). 16(16-h) 111-AS{R (4001111x, CD30D)
. S ppm: 1.12 (311, s), 1.37 (11 dd. J=7. 3, 12.2Hz) .
2.02 (IH. dd, 8.8. 12.2Hz) ,  2.08-2. 10 and. 2. 11-2.
13 (total 111. each W, 2. 44 (1H, dd. J=7.3, 15.2Hz) ,
2.52 (21:, S), 2.52-2.59 (111  a), 3.19(111, d.
J=13.2Hz), 3.32(111. d. J=13.2Hz). 5.74-5.80(211, m). 



IR (}3r) : cat-1: 2904, 1568. 1516. 1395. 1381  MS
(FA8) : mi z : 196(11411) + , 234(114K) + lip.
145-148'C. - 182 - [Table 8 1 17(17-a) IH-NW
(400MHz,CDC13) : 5 ppm: 1.03 (1.04) (31H, d, J = 3
Hz), 1.31-1.40 (1H, m), 1.51.-1.66 (UH,m),  2. 34-2.
54 (3H. m), 2. 79 (2.86) (1H, d, J = 4 Hz), 3.71
(3.72) (31 s), 4.01-4. 11 (IH, M), 4.93-5.08  (2H. m).
5.60-5.80 (1H, m). 17 (17-c) lH-NMR (400MHz. CDC13) :
6 ppm: major 0.95 OR, d, J = 7Hz). 1.45 (9H, s),
2.43-2. 70 (2H. m),  2.85-23.20 (2H. m). 3.94 OR. br.
s), 5.49 (111, br. s). 5.56-5.58 (1H, m). 5.77-5.79 OR
W.  17(17-d) 1H-NMR(400MHz.CDC.13) : 6 ppm: 0.91 (31,
d. J = 7 Hz). 1.45 (91. s), 1.45-1.50 (111. m),
2.25-2.35 (1H. m), 2.45-2.55 (1H. m), ? 86-2.95 (1H,
m). 3.30-3.35 (11, m), 4.78 (1H, d. J = 12 Hz", 4.86
(lH, d. J = 12 Hz), S. 558-5. 62 (1H, m). B. 70-5.77
(1H, m). 5.90-5. 93 (1 H, m). 17 (17-e)
1H-NMR(400MHz,CDCI3) : 6 ppm: 0.89 (3h, d, J = 7 Hz),
1.53 (18H. s), 2.01 (1H, m). 2.19 (1H, d,  J = 12 Hz).
2.25 (IH, d. J = 12 Hz), 2.42-2.46 (1H, m), 2.85-3.20
(211, m), 3.30-3.50 (2H, m), 5.0  (1H, br. s), 5.65-5.
70 (1H, m). 5.82-5. 89 (1H, m). 17(I7-f)
1H-NMR(400MHz,C030D) : b ppm: 0.92 OR. t, J=7Hz),
1.47-1.53 (1H, m), 1.65-1.75 (1H, m). 2.02-2.10  (1H.
m). 2.42-2.55 OR. m), 3.15-3.30 (311 m). 5.70-5.76
(111, m), 5.90-5.93 (1H. m). IR (KBr) : cm-I: 2952.
1618, 1560. 1514, 1394  MS (EI) : m/z : 196 (li)'.
Anal. calcd for C14H23A'02:0.2H20: C, 66.50: H, 8.82;
1, 7.05; Found C, 66.55: H, 8.60. N. 7.17.  lip.
148-152 C 18 (18-a) 1H-NMR (CDC13, 400 MHz) : 6 1.27
(3H, J = 7. 4 Hz), 1. 74-1. 87 (1H, m), 2. 11-2.32
(2H.. m). 2.43-2. 58  (2H, m). 3.32 (1H of minor, d, J
= 4. 3 Hz), 3.40 (1H of major, d. J = 5. 5 Hz) ,
3.49-3.64 (2H, m),  3.81 (31L s). 4.10-4.26 (31L m),
4.38-4.45 (211, m), 5.00-5. 09 (2H. M). 5. 70-5.81
(1H. m), 6.88  W. d. J = 8.2 Hz), 7.23-7. 26 (2H, m) .
18(18-b) 1H-": ((CDCls, 400 MHz): 6 1.77-1.8-1 (1H of
major, m), 1. 89-1. 96 (1H of minor, m), 2.11-2.31
(211, m), 2.46-2.60 (2H. m). 3.47-3.70 (2H, m), 3.82
(3F1, s), 4.08-4.15 (1H of major, M), 4.21  -4.25 (1H
of minor, m), 4.39-4.48 L?H, m), 5.03-5.09 (211, m),
5.68-5.79 (1H, m), 6.89 (211, d,  J = 8.6 Hz), 7.23 M.
d. J = 8.6 Hz). 18(18-c) 1H-M1R(CDC13, 500 MHz): Major
isomer: 6 1.45 (911, s). 2.27-2.31 OH, m). 2.66-2.74
(2H. m), 2.92-3.01 (211, m). 3.81 (31L  



s), 3.93 (111. hr s), 4.06 (2H, s). 4.44 (2H. s), 5.47
(1H. br s), 5.66 (IH, br s), 6.87-6.90 (2H,  m).
7.26-7.31 (2H, m). Minor isomer (detectable peaks): S
1.48 (9H, s), 2.45-2.52 (1H, m), 3.29-3.36 (2H. m).
4.08 (2H,  s). 4.35 (I.H. br s), 5.37 (1H, br s). 5.77
(.1H. br s). 18 (18-d) 1H-NMR (CDC13, 500 MHz) : 6
1.45 OR, s). 1.55-1. 60 (11 W, 2.16 (1H. br d. J = 16.
6 Hz) . 2.30-2.35  (IH, m), 2.49 (2H, s), 2.58 (1H,
dd, J = 7.8, 16.6 Hz) . 2.89-2.96 (1H, m), 3.29 (1H.
br s), 3.81  OR, s), 4.10 (21L s), 4.46 (2H. s), 4. 78
(IH. d, J = 11.2 Hz), 4.84 (1H, d, 3 = 11.2 Hz), 5.59
(1H, br s). 6.89 (211. d. J = 9. 8 Hz), 7. 27 (211, d,
J = 9.8 Hz). 18 (18-e) 1H-NMR (CDC13, 400 MHz) : 6
1.42-1.46 (111, m). 1.44 (911, s), 1.45 (9H, s),
2.03-2. 13 (2H, m), 2.23  (1H, d. J = 14.1 Hz), 2.29
(lH, d, 1 = 14.1 Hz), 2.50-2.57 (1H, m), 2.85-2.94
(111, m). 3.06 (1H,  br s). 3.35 (iH, dd, J = 6.3,
13.9 Hz). 3.43 (1H, dd, J = 6.7. 13.9 Hz), 3.81 (3H,
s). 4. 10 (2H,  s), 4.45 (211, s). 4.39 (11, br s),
5.67 (111, br s), 6.88 (21L d, J B . 7.28 (2H, d. J =
S. 6 HZ). 18 (18-f) 1 H-NMR (CDC13. 400 MHz) : 5
1.43-1. 47 (111, m), 1.45 (18H, s), 2.04-2. 13 (21L W,
2. 23 (1H, d. J  = 14.1 Hz). 2.29 (1H. d. J = 14L 1
Hz), 2.48-2.58 (1H, m). 2.82-2.96 (FH, m), 3.0; (1H,
br s). 3.35  OR, dd, J = 6.3, 14.1 Hz), 3.43 (III. dd.
J = 6.3. 14.1 Hz). 4.25 (2H. br s), 4.99 (111, br s),
5.65 (1H, br s). 18 (18-g) 1H-NMR (CD30D, 400 MHz) : b
1.51 (iH, dd. J = 7. S, 12.5 Hz), 2.06 (3H, s),
2.06-2.17 (211, m). 2.48  (211, s). 2.55 (1H. br dd. J
= S. 16. 4 Hz), 2. 88-2.96 (Ili. m), 3. 15 (1H, d. J =
12. 9 Hz) , 3. 15-3.20  (IH, m), 3.22 (111, d. J =
12.9 Hz), 4.69 (2H, s), 5.71 (1H. br s). MS (FAB):
miz: 254 (M ' 1)-. Anal. Calcd for C13H19N04: C 61.64;
H 7.56: N 5.53; Found: C 60.66. H 7.32; N 5.62.  IR
(ICBr) : cat-I: 2904, 1742, 1567, 1524, 138), 1242.
Mp. 175-1761 19(19-a) IH-NMR(CDC13, 400 MHz): 5 0.03
(6H, s). 0.88 (9H, s), 2.10-2.17 (111. m). 2.29-2.36
(111.., m),  2.40-2.48 (111, m). 3.59 (2H, d, J = 5.9
Hz), 3. 71, (3H. s), 5.00-5. 08 (2H, M), 5.67-5. 78
(IH. m) ,  5.855 (1H, d. J = 16.3 Hz), 6.86 (1H, dd 3
= 8.2. 16.3 H2). 19119-b) 1H-NMR(CDC13. 400 MHz): 5
0.04 (611, s), 0.88 (9H, s). 2.12-2.19 (IH, m),
2.28-2.36 (1H, m),  2. 43-2. 52 (1H, m). 3.59 (1H. dd,
J = 5.9, 9.8 Hz) , 3.63 (1H, dd. J = 5. 9, 9. 8 Hz) .
5. 02-5.09 (211,  W, 5.73 (1H. dddd. J = 7.0, 7.0.
I0.2, 17.2 Hz). 5.86 (1H. dd. J = 1.2, 15.6 HZ), 6.97
(111, dd  J=8.2. 15.6Hz). - 183 - 



[Table 9 19(19-c) lH-A04t(CDC13, 400 MHz): Major
isomer: S 0.07 (611, s), 0.91 OR, s), 1.45 OR. s).
2.18-2.25 (1R, m), 2.59-2.73 (211. W,  2.92-3.01 (IH,
m). 3.31 (111, dd:, J 2.7. 8.6, 16.4 Hz), 3.88-3.94
(IF, ), 4.21 (211, hr s).  5.46-5. 50 (211, a). Minor
isomer (detectable peaks) : 3 1. 48 (911, s). 4. 30-4.
35 (Ili, m), 4.23 (211, br s). S. 35-5.36  (111, m),
5.69-5.71 (111. W. 19(19-d) 1H-NMR(CDC13, 400 MHz) :
Major isomer: 5 1.45 OR, s), 2, 28 (JR, br d. J = 16.4
Hz). 2.64-2.74  (211, m). 2.93-3.04 (111, m). 3.33
(111, ddt, J = 2. 7, 8.6, 18.4 Hz). 3.91-3.96 (111,
m), 4.23 (211t  br d. J = -1.3 Hz), 5.47-5.49 (111,
a), 5.52-5.55 (111. m). Minor isomer (detectable
peaks): b 1.49 (911. s). 2.45-2.5.4 (.111, m),
4.33-4.38 (111, m), 5.37-5.39  (111, m), 5.74-5.77
(111, m). 19(19-e) 1H-IVMR(CDC13, 4001{z): b 1. 45 OR,
s), 1.56-1.62 (111, m), 2.12-2.19 (1H. m), 2.33 (111,
ddd. J  2.7, 9.0. 12.9 Hz), 2.49 (211, s), 2.51-2.59
OR. m). 2.88-2.97 (LH, m), 3.27-3.31 (111. m). 3.37
{311, s). 4.03 (211. s), 4.78 (Ili, d. ,1 = 11.7 Hz),
4.84 OR. d. J = 11.7 Hz). 5.56-5.59 (111. m). 19
(19-f) 1 H-'IaIR (CDC13, 400 MHz) : b 1.43-1.46 (111,
m), 1.44 (1811, s), 2.03-2. 12 (211, m) , 2.23 (111.
d, J  i = 14.1 Hz), 2.29 (IH. d. J = 14L I Hz),
2.47-2.55 (111, m), 2.82-2 94 (111. m), 3.04-3.09
(111, m), 3. 35 (311, s), 3.35 (iH, dd. J = 6.3. 13.7
Hz), 3.42 OR, dd, J = G. 3, 13.7 Hz), 4.02 (211, s),
4.99  {.1.11. br s), 5.64 (111, br s). 19 (19-g)
1H-NMR (CD30D, 400 MHz) : S 1. 53 (111. dd, J = 7. 4,
12. 5 Hz), 2. 09 (111. ddd, J = 2. 7, 8. 6, 12.5 Hz),
2. 10-2. 16 (.111, m), 2.48-2.56 (iH. m), 2.50 (2H,
s), 2.87-2.95 (111. m), 3. 16 (1 H, d, J = 13.3 Hz),
3. 16-3.20 M. m). 3.22 (IP., d, J = 13.3 Hz), 3.33
(311, s), 4.04 ?+ s), 5.68 (111. br s). MS (FAB) :
m/z: 226 (11 + 1)+. Anal. Calcd for C12H19N03 : C
63.93; H 8.50; N 6.22; Found: C 62.83; H 8, 37: N
6.21.  IR (68r) : cm-1: 2903, 1565, 1525, 1397, 1382.
1103. Mp 160-162`C 20 (20-a) 111-NMR (400)413. CDC13)
: b ppm: 0.87 (1. 5% d. J = 7 Hz), 0. 92 Q. 511, d, J
= 1. 5 ft). 1. 16 (1. 511,  s), 1.20 (1.511, s),
1.60-1.72 (21i, m), 2.38-2.60 (31. m), 3.51 (0.511,
s), 3.54 (0.511, s), 3.73  (311. s), 4.98--5.05 (211.
m), 5.73-5.82 (111, m). 20 (20-c) IH-NMR (40014{3,
COC13) : b ppm: 1.46 OR. s). 1.60 (311, br. s). 1.64
OR, br. s), 2.59-2.84 W.  a). 3.25-3.33 (IH. m),
3.66-3.73 (111. m). 5. 38-5.40 (0. 111, m), 5. 45-5.50
(0.911. m). 20(20-d) 1H-NMR(400MHz.CDC13) :6 ppm: 



1.44 (911. s). 1.58 (3H. br. s), 1.54-1.60 (211, m).
1. 68 (311. hr. s). 2.05-2.21 (211. m), 2. 44 (111,
d. J = 17 Hz), 2. 52 (111. d. J = 17 Hz). 2. 65-2.74
(LH, m), 3.16-3.23 (111, m). 4.80 (111, d. J =  I2Hz).
4. 88 (111 d, J = 12Hz). 20(20-e)
1H-AIb&R(400MHz,CDC13) : b ppm: 1.5`-1.56 (111, m).
1.53 OR. s). 1.56 OR, s), 1.61 (311, br. S),  1.66
(311, br. s), 2.15-2.30 (211. W. 2.40-2.70 (211, W.
2.90-2.98 (1H. W. 3.26-3.51 M. m),  4.94-5.05 8111.
br. s). 20 (20-f) 1H-NMR (400MHz. CD30D) : b ppm:
1.45-1.55 (111, m), 1.62 (311, br. s), 1.70 (311. br.
s). 2.05-2.20  (211, W, 2.35 (311, br. s). 2.50-2.57r
(3H, m). 2.68-2.74 (1 H. m), 2.95-3.02 (111, m).
3.32-3.36 (211.  m). 7.20-7.24 (211, a). 7.68-7.72
(211. m). Anal. ca led for C19H27N05S: C, 59.58: 11.
7.19; N, 3. 75; S, 8.59; Found C, 59.82; H. 7.13; N,
3.67 ;  S, 8.41. IR (Mr) : cm-I: 1725, 1516, 1235.
1162, 1120.  MS (EI) : m/z : 210 (11)$. Mp. 186-189`C.
21(21-b) 1H-NMR (400MHz, CDCI3) : b ppm: 1.08(31L t,
J=7.6Hz). 1.39 (111, dd, 3=7.6, 12. 1Hz) . 1.41(1811,
s).  1.98-2.02(211. m). 2.12 (211, q, J=7, 6Hz).
122(111. d, J=14.5Hz), 2.27 (111. d, 3=14.5Hz).
2.46-2.50(111, m), 2.80-2.88 (111, m). 2.99-3.00 (111.
m), 3.33 (111. dd, J=6.2, 13.711z). 3.41(111, dd,
J=6.2. 13.7Hz), 5.00(111, broad), 5.33(1H, d.
J=1.6Hz). [a]25D -90.6' (c=1.37, CHC13).  21(21-c) Mp.
182-163`C [ a 125D -110.3` (c=0.85, HeOH) . 111-NMR
(400MHz, CD30D) : b ppm: 1. 10 (311, t, J=7.4Hz) , 1.
48 (111, dd, J=7.5, 12.5Hz), 2.03-2 08 (211,  a).
2.14(211, q. J=7.4Hz), 2.46(111, d, J=16.2liz),
2.46-2.53(111, m), 2.51(111, d, J=16.2113), 2.85(111,
quint, J=7.5Hz), 3.09-3.10(111, m), 3.14(111. d.
J=13.0Hz), 3.18(111. d. J=13.0Hz), 3.38(111. dd.
J=1.7, 3.7115). IR Or) : ctr-1: 2962. 2928, 2897.
2877, I559, 1527, 1403.  MS (FAB) : miz : 210 (M+11)+,
232 (M+Na)+. j Anal. calcd for C12H191>02: C. 68.87;
H. 9. 15; N. 6.69. Found C, C. 65.55; R. 9.16; N.
6.45. 184 - [Table 10] 22 Mp. 171-172`G [ a )25D -59.
6 (c=1.02, MOOR) 



111-A,Rt(400MHz. CD30D) : 6 ppm: 1. 11(311 t,
J=7.4Hz), 1, 51 OR. dd, 7.4, 12. 7Hz), 2.06-2, 20
(411, m),  2.37(311. s). 2.49-2.56(111, m),
2.51(2H,s), 2.87111. quint . J=7.4Hz). 3.12-3.14(111,
m), 3.28(111,  d. J=13.5112), 3.33(111, d. J=13.5Hz),
5.31-5.32(111, m). 7.21-7.25(211. W, 7.69-7.72(211, IR
(HBr) : cm-I: 3155, 2963, 1707, 1497, 1410, 1236,
1163, 1037, 812. 687, 567.  MS (FAB+) : m/z : 210
(free+H)+ ; (FAB-) : miz : 208 (free-fl)-, 171
(TsOH-H)-. Anal. oalcd for C19H27N06S: C, 59.82; H.
7.21; N, 3.67; S, 8.41: Found C, 59.16; H, 7.21. N. 4.
10;  S. 8.53. 23(23-a) 1H-? l1(40011Hz.CDCI3) : b ppm:
1.08(311, t. J=7.611:), 1.39(111, dd. J=7.6, 12. 1Hz),
1.44(1811, s),  1.98-2.02M. m), 2.12 M. q. J= 7.6Hz) ,
2.220H. d, J=14. 5Hz) , 2.27 (111. d, J=14, 5Hz).
2.46-2.50(M m), 2.80-2.88M. m), 2.99-3.000H. m).
3.33(M dd, J=6.2. 13.7Hz), 3.41(111. dd,  J=6.2.
13.7Hz), 5.00(111 broad), 5.33(111, d. J=1.6112). [a
121D +68. 1' (c=1.37, CHC13) 23(23-b) 1H-IM (400MHz,
CD30D) : b ppm: 1. 10 (311, t, J=7. 411`., Et). 1.48
(111, dd. J=7. 5, 12. 5Hz) , 2. 03-2. 08 (211.  m).
2.14(211, q. J=7.4Hz, Et), 2.46(11. d. J=16.2Hz).
2.46-2.53(111, m), 2.51(111, d. J=16.2Hz),  85(111.
quint. J=7.5Hz), 3.09-3.10(111, m). 3.14(111, d,
J=13.0Hz), 3. 18(111. d J=13.0Hz). 5.38(111.  dd.
3=1., 7, 31.7W. Mp. 163-166 `t 18 (far) : cm-1: 2963.
2926, 2877, 1560. 1527. 1402  MS (FAB) : miz: 2.10
(*+H)+, 232 (M+NO+. Anal. calcd for C12H19NO2 0.71120:
C. 64.95; H, 9.30: N, 6.30; Found C, 64.97 ; It 9.08;
N, 6.41.  L a 121D +96.2 (c=1.0, McOH) 24(24-a) 1H-N1
(CDC13. 400 MHz) : 6 L.45 (911. s), 1.56-1.61 (111,
m), 2. 15 (111, br d, j = 17.2 Hz), 2.34  (111. ddd, J
= 2.7, B.G. 12.5 Hz), 2.49 (211, s), 2.58 (111. br dd,
J = 7.8, 17.2 Hz), 2.90-2.99 (1H,  W. 3.28 (1H, br s )
, 4.28 (211, s), 4. 78 (111, d, J = 11.7 Hz), 4.84
(111, d, j = 11.7 Hz), 5. 58 (1111  br s). 24(24-b)
LH-NMR(C1)C13. 400 MHz): 6 1.45 (911, s), 1.55-1.60
(111, m), 2.04 (311, s), 2.20 (111. br d. J = 16.4
Hz). 2.34 (I H, ddd.  J = 2. 7, 9.0. 12.9 Hz). 2.49
(211, s), 2.64 (111, br dd, j = 7.8. 16.4 Hz).
2.89-2.98 (IF, m). 3.24  M. s), 3.28 (111, br s), 4.77
(111. d. J = 11.7 Hz), 4.84 (111, d. J = 11.7 Hz).
5.48 (111, br s). 24(24-c) iH-NMR(CDC13, 50011Hz): b
1.41-1.48 (111. in). 1.41 (1811. s), 2.03 M. s).
2.05-2.09 (111. m). 2.17  (111. br d, j = 16.1 Hz). ?
24 (111, d. J = 14.2 Hz). 2.28 (111, d. 3 = 14.2 Hz),
2.57 (111, br dd,  j = 8.8. 16.1 Hz). 2.86-2.95 (111.
m). 3.07 (111, hr s). 3.22 (111. d, j = 13.7 Hz), 3.26
(IR. d,  



j = 13.7 Hz), 3.34 (111. dd, j = 5.9, 13.7 Hz). 3.42
OR, dd, j = 5.9, 13.7 Hz), 5.00 (111, br s),  5. 55
(IH, br s). 24(24-d) Mp: 165-167 `C. iH-NMR(CD30D. 500
11Hz): S 1.51 (IF, d(. J = T. 3, 12.2 Hz), 2.02 (31,
s), 2.09 (IY ddd, J = 2.4.  8.8, 1.2.2.Hz). 2.21 (111,
br d, j = 16.6 Hz), 2.51 (211, s). 2.58 (.111, br d(L
3 = 7.8, 16.6 lz).  2.87-2.94 (111. m).. 3, 15 (111.
d. J = 13.2 Hz), 3. 15-3.19 (IH. m), 3.21 (111, d. J =
13.2 Hz). 3.23  (11, d, j = 13.7 Hz). 3.27 (11, d, j =
13. 7 Hz). 5.58 (111, br s). MS (FAB) : m/z: 242 (111
+ 1)+. Anal. Calcd for C121i19;I025: C 59.72; H 7.93;
N 5.80: S 13.29; Found: C 58.72; H 8.03; N 5.71; S
13. 12. IR Mr): cm-1: 2906. 2632. 1542. 1398. 1283.
25 (25-b) IH-N31R (4001Riz, CDC13) :6 ppm:
1.40-1.50(111, m), 1.43(911, s), 1.51(911. s),
1.81(31, s), 1.96-2.08(211, m), 2.27(211, dd. J=23112.
14Hz). 2.43-2.52(111. m). 2.81-2.91(111. m). 3.0(111,
s). 3.31-3.46(211. m), 5.0(111. br.s), 5.34(111.  M)
25(25-c) IH-N6R1(400MHz, CD3 0D) :b ppm: 1.46-1.53
(111, m), 1.80 (311, s). 2. 1-2. 17 (211. m),
2.42-2.54 OR, m) , 2. 78-190 (111. m). 3.07-3. 15
(111,  m). 5.25-5.30 (111. m), 7.37-7.44-M. m),
7.78-7.84(21L m) 25(25-d) 1H-NMR(40OMHz. CD30D) :6
ppm: 1.40 (111, dd. J=7.6, 11M), 1.79 (311, s),
2.02-2.08(2X m), 2.43-2.50 (IH, m), 2.45 (111, d.
J=16.2112), 2.51 (111. d, J=I6.2Hz), 2.85 (111. quint,
J=7.6Hz), 3.05-3.12 (111, m), 3.13 OR. d,  J=13.0Hz).
3.17 (111. d. J=13.0Hz), 5.36 (111, t, J=1.6Hz). IR
Mr) : cm-1: 2946, 2927, 2905. 2832, 1564, 1525, 1396,
1384.  MS (FAB) : miz : 196 (M+H)+, 218 (M+Na)+, Anal.
caled for CIIHI7NO2: C. 67.66: H, 8.78; N. 7.17:
Found: C, 67.53; H. 8.90; N, 7.28.  1 [ a 121D -140.4`
(c-- 1. 23, McOH) 185 - [Table 11] 26(26-a)
1H-NMIt(400Mjiz. CDC13) :6 ppm= 1.40-1.50 (111, m),
1.43(91L s), 1.51(911. s) , 1.81(311, s), 1.96-2.08
(211, m), 2.27(2H, dd. J=23Hz,  14Hz), 2.43-2, 52(111,
m), 2.81-2.91(111, m.), 3.0(111, s). 3.31-3.46(211,
m), 5.0(111, br. s). 5.34(1.11,  m) 



26 (26-b) 1H-NMR(400MHz, CD3 OD) :6 ppm:
1.46-1.53(111, m). 1.80(311, s), 2. 1-2.17(211. m),
2.42-2.54(311. m)..2.78-2.90(111, m), 3.07-3.15(111,
m), 5.25-5.30 (111, m), 7.37-7.44(3R, m), 7.78-7.84M.
m) 26(26-c) IH-NMR (400MHz, CD30D) 'L ppm: 1.40 (111.
dd. J=7.6. 12. 3Hz) , 1.79 (311. s), 2.02-2.08(2H. m),
2.43-2.50 (111, m). 2.45 (111. d,  J=16.2Hz), 2.51
(111, d, J=16.2Hz), 2.85 (11'.. quint, J=7.61W,
3.05-3.12 (111. m). 3.13 (111, d.  J=13.OHz), 3.17
(111. d, J=13.0Hz), 5.36 (1H, t, J=1.6Hz). IR Mr) :
cm-1: 2946, 2927, 2905, 2832. 1564, 1525, 1396, 1384.
MS (FAB) : miz : 196 (M+H)+, 218 (M+Na)+. Anal. calcd
for C1IH17NO2: C, 67.66: H, 8.78: N, 7. 17: Found: C,
67.46: 11, 8.89: N. 7.25.  [a]21D +130. 71 (c=1.41.
McOH) 27(27-a) lH-NMR(400llHz, CDC13) :6 ppm:
0.90(1.511, d, J=6.4Hz),0.95(1.5H, d. 3=6.4Hz),
1.18(1.511, s), 1.23(1.511, s), 1.63-1.78(111, m),
2.39-2.64(4H. m), 4.98--5.08(2H, m). 5.72-5.86(111. m)
27(27-b) 1H-NMR(400MHz, CDC13) :5 ppm:  Major isomer
1.42(911, s), 1.56(311, s), 1.60011. s), 2.07-120011,
m), 2.51-2.67(2H,m), 2.69-2.83(111, m),
3.17-3.31(111. m), 3.59-3.70 (111, m) 27(27-d)
IH-NMR(400MHz, CDC13) :6 ppm: 1.47(911,s), 1.61(311.
s). 1.71(311, s). 2.04-2.211(M m). 2.51.-2.78 (211,
m), 2.51(211, dd. J=16.6,  43.5Hz), 2.65-2.79M, m),
4.87(2H, dd, J=11.7, 39. 6Hz) 27 (27-e) 1H-NMR(400MHz.
CDC13) :6 ppm: 1.46(911,s), 1.56(9H, s), 1.58(31L s),
1.68 (311, s), 2.00-2.35(3H, m), 2.46-2.560H. m),
2.62-2.78 (111. m), 2.95-3.020R. m), 3.25-3.35 (111,
a), 3.46-3.57 (111. m), 4.96-5.08 (111, m)  27(27-f)
1H-NMR(4001Miz, CD30D) :6 ppm: 1.47 (111, dd, J=7.2,
12.3hz) , 1.64(3H. s). 1.68 (311, s), 2.06-2.1(111,
m), 2.1-2.18(l, m).  2.46-2.55 (111. m). 2.48(2h. dd,
J=16.3, 39.5Hz), 2.66-2.77 (111. m). 2.87-2.93 (111.
m), 3.18(2H. dd,  12. 7i, 32.9Hz) MS (FAB) : m/z : 210
(M+H) +.  28 (28-a) IH-AMR (400MHz, CDC13) : 6 ppm:
1.28(3H. t. 3= 7. 1Hz) , 1.50-1.630H, m). 1.72-1.83
(111, m), 2.11-2.25 (211, m). 2.42-2.51011, m),
3.&I-3.73(2R. m). 4. 17 (211. Q, 3=7.2Hz),
4.99-5-07(21L m), 5.64-5.7701L m), 5.81(111, d, J=15.
6Hz) ,  



6.77 (111, dd, J=6.77, 15.61(z). 28(28-b)
1H-NMR(40OMHz, CDC13) :6 ppm: 1.30(311, t. 3=7.211z).
1.58-1.76(111. m). 1.86-2.03(111, m), 2.15-2.30(211,
m), 2.44-2.57(111, m),  4.19 (211, q, 3=7. 1Hz) .
5.00-5.11(211. m), 5-64-5.77(11L m), 5.850H. d,
J=15.6Hz). 6.77 (111, dd.  J=6.77. 15.6Hz). 28(28-c)
1H-NMR(40OMHz, CDC13) :6 ppm: 1.45(911, s),
2.08-2.17(111, m), 2.26-2.37(111, m), 2.42-2.63(411,
m), 2.83-2.95(111, m). 3.17-3.29011.  m), 4.52(111, t,
J=6.3Hz). 4.64(111, z. 3=6.1Hz), 4.76(11:. d
J=11.7Hz). 4.84(111, d, J=11.7Hz),  5.4-5.44(111. m).
28(28-d) 111-N'MR(400MHz. CDC13) :5 ppm: 1.44(1811.
s), 1.50-1.60(211, m), 2.01-2.10(211, m), 2.21(111, d.
J=14.1Hz), 2.27(111. d. J=14.7Hz).  2.45-2.60(3H. m).
2.78-2.92(111, m). 3.00-3.07(11L m), 31.330H. dd,
J=6.1. 13.9Hz), 3.41(111, dd,  J=6. 4. 13.9Hz), 4.52
(111, t. J=6.3Hz). 4.63(11L t, J=6.3Hz), 4.92-5.03
(111, m). 28(28-e) 1H-NMR(400MHz, CD30D) :6 ppm: 1.50
(111, dd. J=7.4. 12. 1Hz) , 2.03-2.16(21L m),
2.44-2.61(511, m), 2.81-2.92 (1H. m), 3.15(m d,
J=12.9Hz), 3.20(111, d, J=12.9Hz). 3.10-3.17(111, m).
4.50(11, t. J=6.3Hz). 4.64(111. t, J=6.3Hz),
5.46-5.530H, m). IR (Or) : cm-1:1627, 1564, 1524,
1398, 1382.  MS (FAB) : m/ z : 228 (M+H) +. Anal.
calcd for C12H18NF02: C. 63.42: H, 7.98: N. 6.16; F,
8.36: Found: C, 62.85: H. 8.04: N. 6.22:  F. 8.39. 186
- [Table 12 29 (29-a) 1H- 1R (400MHz, CDC1 3) : S ppm
: 1.30 (31-L s) , 1.63-1.71 OR. m), 2.06-2.20 (2H. m).
2.52 (1H. d.  J=15.9Hz), 2.59 (1H, d, J=15.9Hz), 3.50
(1H. q, J=7.4Hz), 4.97 (1H d J=I0.3Hz), 5.50 (1H d,
i=17.1Hz), 5.79-5.8'r (1H, m). 29(29-b) MS (FAB) : m/z
: 155(M+H)+. 1H-NMR(400MHz, CDC13) : o ppm : 1.76 (3H,
s), 2.35-2.41 M. m), 2.76-2.84 M. m), 4.02 (lii, s),
5.46 (in, s). 29(29-c) 1H-NMR(400MHz, CDC13) : b ppm :
Major isomer 1.46 (911, s). 1. 71 (3H, s), 2.22-2.27
(1H, W.  2.59-2.72 (2H, m). 2.88-2.97 (111. m),
3.27-3.35 OR. m), 3.65-3.68 (1H, m), 5.39 (11 s),
S.49-5.50  (IH, m) : Minor isomer 1. 49 (911, s), 1..
77 (3H, s), 2.18-2.27 (1H, m). 2.47-2.97 (2H, m),
78-2.85  



(LH, m). 2.88-1-97 (1H. m), 4.31-4.32 (1H, m),
5.41-5.42 (111. m). 5.49-5.500H. m). 29(29-d)
1H-NMR(400MHz,CDCI3) : S ppm:1.44 (9H, s). 1.65 (1H,
dd, 3=7.4, 12.9Hz), 1.70 W. s), 2. 12 (1H,dd,  J=1.6.
17.2Hz). 2.20-2.25 (1H, m), 2.45-2.55 (1H, m), 2.49
(1H, d, J=17.2Hz), 2.55 (1H. d.  J=17.2Hz), 2.86 (1H,
quint, J=7.8Hz), 3.15-3.17 (111, m). 4.82(111, d,
3=12.1Hz), 4.90(IH. d.  J=12.1Hz). 5.56(11. S).
29(29-e) Mp. 160`C (decompose) . 19-'NMR(400MHz.
CD30D) : S ppm:1.53 (111. dd, J=6.9, 12.9Hz), 1.75
(311, d, J=1.8Hz). 2.08-2. 17 (211,  m). 2.46 (111. d.
J=16.2Hz), 2.47-2.54 (111, m). 2.56 (Ili. d,
J=16.2Hz), 2.84 (111, Quint. J=6.9Hz).  2.86-2.88
(111, m), 3.16 (111, dd, J=1.2, 13.2Hz), 3.23 (111,
dd, 3=1.2, 13.2Hz), 5.5-1 (111, s).  IR (EBr) : cm-I:
3029. 2950, 2937. 2910, 1889, 28412. 1631, 1589. 1500,
1396, 1188, 1024, 680. 603.  MS (FAB) : miz :
196W+10-, 218 (M+Na) -. Anal. calod for CIIH17NO2: C,
67.66: H, S. 78: N. 7. 17: Found C, C. 66.43: H. 8.77:
N. 7. 11. 30 lH-D01R (400MHz, CDC13) : 5 ppm: 1.09
(311, J=7.8Hz), 1.44 (911. s), 1.41-1.46 OR, m,,
1.97-2.05  (211, m), 2.13 (211. q. 3=7.8Hz) . 2.28
(1R. d, J=14. 1Hz). 2.35 (111, d, 3=14. IHz), 2.43-2.
51 (111,  m). 2.76 (IM, quint. 3=7.6Hz). 2.92 (211.
s). 2.98-2.99 (111, m), 5.353.35 (111, m). MS (F.AB+)
: m/z : 296 (M+H)- . 334 (M+K)-.  31 Up. 172-173'x. [
a ]20D -68. 1 (c 0.98. McOH) . IH-NMR(400MHz, CD30D) :
S ppm: 1. 11 (3H, t, J=7. 4Hz), 1.50 (Iii, dd. 3=7.5,
12, 6Hz), 2. 08 (LH. d,  16.5Hz), 2.10-2.20 (311, m),
2.46-2.56 (3H, m), 2.87 (1N" quint. J=7.5Hz),
3.12-3.13 (In. m), 3.28  (111, d, J=13.41z), 3.33
(111. d. J=13.4Hz), 5.31 (111, d, J=1.8Hz), 7.39-7.45
(311, m). 7.80-7.85  (211, m). IR (ar) : cm-1:3197,
3149, 3054, 2964, 2927. 2378, 2831, 1714, 1495. 1445,
1410, 1220, 1164. 1123.  1019. 730. MS (FAB+) : miz :
210 (free+H)-, (FAB-) : mrz : 1571 (bensensulfonic
acid-H)-. Anal. caicd for Ci8H25NO5S: C, 58.83: H,
6.86: N. 3.81; S, 8.73; Found C. 58.69. H. 6.94: N.
3.99;  S. 8. 73. 32 (32-a) 111-NMR (400MHz, CDCI3) : 5
ppm:2. 06-2.31 (211, m). 2. 82-2.87 (211, m),
3.11-3.15 (211, m), 3. 6S M.  s). 5.59-5.61 (111, m).
32 (32-b) 1H-NMR (40011112, CDC13) : S ppm:1. 94 -2.
03 (211, m), 2.65-2.75 (4P" m). 4.00-4.02 (211, m),
5.31-5. 35  (LH, m). 32(32-c) 1H-NMR (400MHz, CDC13) :
S ppm: 1. 81-2. 05 (611. m). 3. 59 (211. t, 1=7. 1Hz),
3.73-3.77 (3H. m). 5.03-5.07  



(211, m). S. 88-5. 95 OR, m). 32(32-d) iH-NMR(400MHz,
CDC13) : 5 ppm:1.66 (111, dd. 3=1.2, 14.0Hz).
1.82-1.88 (411, m). 1.94-2.08 (311, m),  2.42-2.44
(28, m). 2.67 (111. d. J=3.9Hz), 3.70 (311. s).
4.02-4.07 (111. m), 5.11-5.14 (211, m).  5.94 (111,
dd, J=10.3. 17.6Hz). MS (FAB) : m/z : 199 (M+H)
32(32-e) i1H1RO00MHz, CDC13) : 5 ppm: 1. 70 (111, dd.
3=3.9, 14.8Hz), 1. 83-2.11 (711, m ). 2.48-2.50 (211.
m),4.04-4.10 (111. m). 5.13-5.17 (211, m), 5.95 OR,
dd, J=10.2. 17.6Hz) MS (FABI : miz :185 (lf+H) -. 207
(11~-Xa) 32 (32-f) 1H-NMR (400MHz, CDC13) : 5 ppm:
Major isomer 1.45 (911. s). 1.79-2. 19 (7H, m), 2.
68-2.76 (111, m.  2. 78-2.89 OR, m), 3. 10-3. 18 (111,
m), 3.85-3.87 (111. m), 5.36-5.91 (311, m) : Minor
isomer 1.47 (911. s). 1.79-2 19 (7H, m), 2.49-2.54
(lH. m). 2.68-2. 76 (211, m), 4.28-4. 10 (111,  m).
5.36-5.91 (311, m). MS (FAB) : miz : 247 (M+H) 285
(M+K) 32(32-g) IH-IA(R(400MHz, CDC13) : S ppm:1.45 OF.
s), 1.57 (111, dd, 3=7.6, 12.9Hz). 1.76-2.05 (6h. mi.
2. IS  (111. ddd, 3=22.7, 9.0, 12.9Hz), 2-42 (211. s),
2.80 (lH, q, J=7.8Hz). 3.25 (111, d. 7.8Hz), 4.75
(111.  d. J=11.5Hz), 4.85 (iH. d, 3=11.5Hz), 5.52
(111, dd. J=2.4. 5.5Hz), 6.01 (111. d. J=5.5Hz). MS
(FAB) : miz : 308 (11+11) +, 346 (M+K) +, - 187 -
[Table 13] 32 (32-h) Mp.: 180-190C IH-NMH(400MRz,
CD30D) : S ppm:1.53 (111. dd. J=7.7. 12.4Hz),
1.76-2.07 (711, m). 2.40 (111, d.  J=16.1.Hz), 2 45
(111, d, J=16.1Hz), 2.80 (111, quint. J=7.5Hz).
3.12-3.14(111. m), 3.14 (IH, d.  3=13.2Hz) , 3.19
(1.11. d, 3=13.2Hz) . 5.63 (111, dd, 3=2.3.5.7Hz) ,
6.00 (111. dd, J=O.6. 5.7Hz).  IR Mr) : car-1: 3029.
2969, 2943, 2925. 1740, 1617, 1510, 1394, 748. MS
(FAB) : m/z : 222 (M+H) =. Anal. caled for CI3H19N02:
C. 70.56; H. 8.65: N. 6.33; Found C. 69.82: H. 8.80;
N. 6.3.1.  33(33-a) 111-NMR(400MHz, CDC13) : b
ppm:1.63-1. 70 (211. m), 1.72-1.79 (211, m). 2.42-2.46
(211. m). 2. 76-2.79  (211, m), 3.69 (311. s).
5.80-5.82 (111. m). 33(33-b) IH-NMR(400J4iz, CDC13) :
b ppm:1.559-1. 72 (411. m), 2.24-2.32 (411, m).
4.11-4.15 (211, m), 5.49-5.54  OR, m). 33(33-c) IH i
((400MHz, CDC13) : b ppm:1.40-1.46 (211, W. 1.59-1.74
(811, m). 3.65 (211. T. J=7.2Hz),  4.96-5.02 M. m),
5.10(111. s), 5.10 (1H. dd. J=10.6, 17.2Hz). 



33(33-d) 1H-NMR(400MHz, CDC13) : b ppm: 1.40-1_74
(1011. m;. 2.44-2.26 (211, m), 2.71 (111, d. J=7.5Hz),
3.70  (311, s). 4.10-4.15 (IF, m). 5.03 (111, d, J=17.
M). 5.07 (Ili. d, 3=10.7Hz), 5.86 (Ili, dd, 3=10.7.
17.2Hz) . MS (FAB) : m/z : 212 (M+H) 33(33-e)
Ili-NMR(400MHz, CDC13) : b ppm:1.40-1.79 (1011, m).
2.49-2.51 (211, m),4.11-44.17 (111. M). 5.06 (IH,  d,
J=17.6Hz), 5. 10 (111, d, J=10.8Hz). 5.88 (111, dd.
J=10.8. 1"r.6Hz) MS (FAB) : m/z : 199 (M-H)-, 221
(M-Na) +. 33(33-f) 1H-NMR(400MHz, CDC13) : 6 ppm:
Maior isomer: 1.46 M. s), 1. 13-1. 76 (711, m),
2.70-2.58 (211, m).  2.90-2.93 (111, m.), 3.04-3.08
(Ili. m), 3.87-3.88 (111, m). 5.49-5.52 (211. m),
5.62-5.52 (Ili, m) : I  Minor isomer: 1.48 (9H, s).
1.43-1.76 (711, m), 2.70-2.58 (211. m). 2.85-2.88
(111, m), 3.09-3.12  (111, m), 5.37-5.38 (111, m).
5.62-5.65 (111, m). 5.69-5.71 (111, m). MS (FAB) : m/z
: 261 (M+H) +. 33(33-g) IH-NIIR(400MHz, CDC13) : b
ppm: 1.37-1.66 (811, m), 1.45 OR. s). 1.75 (1.11, dd,
J=S. 0. 12.9Hz). 2.07  (111, ddd. 3=3. 1. S.6,
12.5Hz). 2.46 (211, s). 2.54-2.60 (111, m). 3.27-3.28
(111. m), 4.75 (111, d.  J=11.31W, 4.85 (IH. d,
3=11.3Hz), 5.52 (111, dd, J=2.4. 5.5Hz). 5.75 (111, d.
J=5.5Hz).  33(33-h) Hp. 178 -180C IH-NMR(400MRz,
CD30D) : b ppm:1.37-1.46 (211. a). 1.53-1.87 (911, m).
2.44 (111, d, 3=16.3Hz)1 2.49  (111, d, 3=16.3Hz),
2.57 (111. d(L J=8.1. 14.5Hz), 2.85(111. quint.
3=7.5Hz), 3.14 (111, d. J=13.1Hz).  3.20 (I11, d,
J=13.1Hz). 5.62-5.64 (11L m), 5.72-5.74 (111. m). IR
Mr) : cm-I: 3504. 3448. 3020. 2940, 2864, 1557. 1511,
1405. 1291. 1260, 757.  MS (FAB) : miz : 236 (M+H) -.
Anal. calcd for C14H21N02: C. 71.46; H. 8.99; N. 5.95:
Found C. 68.84: R, 9.81: N, 5.80.  34(&1-a)
1H-i'IMR(400MHz, CDC13) :5 ppm: 1.26 (311, t,
3=7.3Hz), 1.66-1.92 (411. m), 1.97-2.13 (211, m),
2.17-2.29 (211. m), 2.43 (ilL ddd, J=1.9. 6.8.
11.7Hz). 2.47-2.54 (111, m); 4.14 (211, dq, J=2.9.
7.3Hz), 5.01 (111, d-quint, 3=9.8. 1.0Hz), 5.07 OR.
dt, 3=17.1. 1.5Hz), 5.76 (111, ddt. J-9.8, 17.1,
7.3Hz) . 34 (34-d) IH-N ((500MHz, CDC13) : 6 ppm: E/Z
mixture 1.48 (isomerA91 s). 1. 52 (isomer6911, s), 1.
T7-1.83  (111, m). 1.90-2.23 (611, m). 2.45-2.72 (211,
m), 2.91-2.99 (isomerBIH+IH, m). 3.00-3.06 (111, m),
3.33 (isomerAll, ddt, J=8.8, 19.0, 2.9Hz). 3.90
(isomerAlH, br), 4.33 (isomerBil, br), 5.24
(isomerAlli. br), 5.38 (isomerBlH, br), 5.45-5.48
(isomerBlH. m), 5.48-5.51 (isomerA.IH, m). 3.1(34-c-)
11i-NMR(500MHz, CDC13) : 5 ppm: 1.49 (911, s),
1.79-1.89 (111. m), 1.92-2.23 (611. m), 2.33 (111,
ddd.  J=2.9. 8.8, 12.7Hz), 2,46-2.54 (311, m). 2.90
(111. quint, 3=7.3Hz). 3.01-3.09 (IH. M).. 2.25 (LH,  



br). 4.78 (111. d. 3=12.2Hz). 4.88 (Ili, d.
J=12..211z). 5.28 (111. br). 34(34-f) iH-NMR(400MIL.,
CDC13) : 5 ppm: 1.33-1.42 (1011, m), 1.73-1.80 (111.
M), 1.85-1.99 (611. m), 2.04-2.15  (211, m). 2.21 (IF,
d. J=13.7Hz), 2.28 (Iii, d, J=13.71iz). 2.40 (11i.
ddd, J=1.2. 7.8. 16. 4Hz). 2.70  (111, quint.
3=7.8Hz). 2.81 (212.91 (111. br), 2.95-3.03 (1.11. m).
5.32 (111. br). 34(34-g) M. 157-159`C: Ili-I
tIR(500MHz, CD30D) : S ppm: 1.50 (111. dd, 3=7.8.
12.2Hz), 1.83-2.20 (811, m), 2.45-2.50 (111,  m), 2.52
(211. d. J=4.911z), 2.89 (Ili. quint. 3=7.8Hz), 3.08
(111, quint. J=8.3Hz). 3.14 (IF. br),  3.I7 (111. d,
J=12.7Hz), 3.21 (111, d. j=12.7Hz), 5.40 (111, br). IR
(6C1) : cm-1: 1616. 1503, 1395. MS (ESI+) : m/z :
274CN+1()- , 258(M+Na)- 236(M+H)+. HRMS(551+) calcd
for (M + H)+: 258.14700. Found 258.14669 (-0.31 mmu).
36(36-a) 1H-NMR(400MHz, CDC13) : o ppm: E/Z mixture
1.02-1.09 (311, m), 2. 14-2.26 (41i, m), 2.61
(isomerA21i,  q. J=7.41iz). 2.68 (isomer82H, dd.
J=7.4, 8.2Hz). 3.67 (311, s), 4.92-5.07 (211, m), 5.61
(isomerAlh,  s), 5.64 (isomerBiH, s). 5.73-5.89 (111.
m). 188 - [Table 14] 35 (35-b) 1H-NMR (50OMHz , CDC
13) : 6 ppm: E/Z mixture 1. 11 (3H, t. 3=7. SHz),
22.2' 2.33 (41i, m), 2.66  (isomer(, 4, 3=7.SHz), 2.74
(isomerByH, t. J=7.8Hz), 4.98-5.13 (2H, m), 5.67
(isomerAll, s),  5.71 (isomerBlll, s), 5.79-5.91 (UH,
m). 35(35-c) 1H-NW (50011liz, CDC13) : 5 ppm: E/Z
mixture 1.09 M. t, J=7.3Hz), 1.48 (91L s), 1.95-2.03
(1H.  m), 2. 13-2.21 (1H, -m), 2.26-2.33 (IH, m)., 3.
63-2. 73 (2H, m). 2.96 (11L quint, J=7. 3H2), 3. 34
(1H.  ddt, J=8.3. 18.1, 2.4Hz). 3.78 (1H, br). 5.42
(1H, br), 5.51 (1.H. ddd, J=1.5, 2.0. 3.4Hz). 35(35-d)
IH-NW (5001(Hz, CDC13) : b ppm: 1.08 M. t, J=7.3Hz),
1.46 (9H, s). 1.68 (1H, dd, 3=7.3. 12. 7Hz),
1.87-1.96 (1H, m). 2. 10-2.20 (2 a), 2. 24 (I, ddd. J
2.4, 8. 8, 12. 7Hz), 2.50 (1H, d. J=17. 1Hz),
2.53-2.60 (1H, m), 2.87 (1H, quint. J=7.8Hz).
3.28-3.32 (1H, m), 4.83 (1H, d. J=12.2Hz). 4.95 (1H,
d. J=12.2Hz). 5.60 (1H. br). 35 (35-e) 1H-NMR (500MHz,
CDC13) : S p(nn: 1.09 (3H. t. J=7.3Hz) , 1.45 (9H, s),
1.70 (1H, dd. J=6.8. 12.2Hz) .  1.87-1.95 (1H, m),
1.96 (1H, ddd, J=2.4, 9.3. 12.2Hz). 2.09-2.19 (2H, m).
2.29 (11L d, J=13.7Hz),  2.35 (IH, d, J=13.7Hz).
2.49-2.58 (1H, m). 2.75 (1H, quint, J-7.8Hz), 2.90
(21(. s), 2.93-2.97 (1F.,  br), 5.54 (1H, s). 35(35-f)
lip. 152-155`C; 1H-NMR(50014Hz, CD30D) : b ppm: 1.10
M. t. J=7.3Hz). 1.54 (1H, dd. J=7.3, 12. 7Hz), 1.68
(1H, m),  



2.15-2.28 (3H, m). 2. 47 (1H, d. J=16. 1H2). 2. 54
(1H, ddt. J=2.0, 2.9. 8.3Hz). 2.57 (1H. d, J=16. MD.
2.86 (11L quint, J=7.8Hz). 2.97-3.01 (1H, m). 119 (1H.
d, J=13.2Hz). 3.26 (1H. d. J=13.2Hz), 5.61  (1H. s).
IR (KC1) : cm-I: 1624, 1499, 1394, 1296, 1197, 1025.
MS (ESI+) : miz : 254(M+2Na-H)+ . 232(9+Na)+
.2_10(M+H)+. HR115(ES1+) calcd for (M + H)+:
210.14940. Found 210. 14898 (-0.42 mmu). Anal. calcd
for C12H19N02: C, 68.87: H, 9. 15: N, 6.69; 0.. 15.29.
Found C, 68.22; H. 9.04; A, 6.88;  0, 16.05. 36 lip.
98-99,c; 1H-NMR(5001(Hz, CDC13) : S ppm: 1.13 (3H, t.
3 = 7.3 Hz). 1.55 (1H, dd. J = 7. B. 12.7 Hz), 2. 12
(IH, d, J = 16.6 Hz), 2.20 (2H,  q, 3 7 . 3 11 z ) ,
2.26 (1H, ddd, J = 3.4. 7.8. 12.7 Hz). 2.55 (1H, dd. 3
= 7.8, 16.6 Hz), 2.60 (2H.  d. J = 3.4 Hz). 2.94 (1H.
quint, J = 7.8 Hz). 3.24 (1H, br). 3.63 (1H, d, j =
13.2 Hz), 3.68 (1H.  d, 3 = 13. 2 Hz), 5.32 (1H, s).
IR(KC1) : cm-I: 1700, 1443, 1246.  MS(ESI+): m/z: Z26
(M + H)+. HRMS(ESI+): calcd for (M + H)+: 226.14432.
Found 226. 14259 (-1.72 mmu). Anal. calcd for
CI2H2ONO3CI: C, 55.06; H. 4.70; N. 5.35: 0. 18.34: Cl,
13.54. Found C. 53.67; H.  7.71: N. 5.36; 0. 18.09:
Cl, 13.50. 37 lip. 167-1694C: 1H-NMR(SOOMHz, CDC13) :
b ppm: 1. 14 M. t, j = 7.3 Hz). 1.54 (1H, dd, j =7. 3,
11.7 Hz), 2.06-2. 14  (2H, a). 2.20 OR, q, J = 7.3
Hz), 2.54 (11L dd, j = 7.3, 17.1 Hz). 2.71 (1H, d, j =
15.6 Hz).  2.81 (1H, d. J = 15.6 Hz). 2.95 (2H, s),
2.96 (1H, m), 3.04 (11, br), 5. 42 (1H, S). MS(ESI+) :
m/z : 254 (M + 2Na -H)_, 232 (M + Na)+, 210 (M + H)+.
HRMS(ESI+) calcd for (11 + H)+: 210. 14940. Found
210.14842 (-0.98 mmu). Anal. calcd for C121i19NO2: C.
68.87: H. 9. 15; K. 6.69. 0. 16.29. Found C, 67.32; H,
9.05; N, 6.53:  0, 16.30. 38(38-a) 1H-NMR(.400MHz,
CDC13) : b ppm: E/Z mixture 1.31 (isomerB31L s). 1.31
(isomerASH, s). 1.46  (isomer.0.9H, d, 3=1.2Hz), 1.49
(isomerB9H. d. J=0.8Hz), 2.34-2.50 (2H, m), 2.54
(isomerBlH, dt,  1=17.6. 2.7Hz), 2.67 (isomerBlM, dt.
J=17.6. 2.7Hz), 2.91 (isomerAlH. dt, 3=18.0. 2.3Hz),
2.93  (isomerAli, dt, J=18.0, 2.3Hz), 3.45
(isomerAlil, br), 3.87 (ismerBiH, br), 5. 53-5. 55
iisomerBlli.  m). 5.57-5.61 (isomerAlH. m), 5.57-5.60
(isomerB2H, m), 5.74-5.82 (isomerA2H, m). 



38(38-b) 1H-HMR(5001(Hz, CDC13) :6 ppm: 1.31
(isomera3H, s). 1.35 (isomerA3H, s), 1.45 (isomerA9H,
s), 1.46  (isomerB9H. s), 1.73 (isomerBif, d,
J=13.2Hz). 1.86 (isomerAlH, d, J=13.2Hz). 1.94
(isomerAlli.  dd, J=2.0. 13.2Hz). 2. 10 (i somerBlh.
dd. J=2.4, 112H2). 2. 24-2.38 M. m), 2.47 (i.somerA2H.
s),  2.75 (isomerB2H, s). 2.86 (isom=rBlli, br), 2.89
(isomerAlH, br), 4.55 (isomerAill. d. J=12.7Hz).  4.62
(isomerA.1H. d, J=12.7Hz), 4.31 (isouler.B.1.H. d.,
J=11.7Hz), 4.94 (isomerBlH, d, 3=11.7Hz), 5.06
(isomerAli, dt, 3=7.8. 2.4Hz), 5.72 (isamerBll, dt.
3=7.8, 2.4Hz), 5.90 (isomerA1H, dq, 3=7.8,  2.0Hz).
5.92 (isomerBtH, dq. J=7.8, 2.0Hz). 38(38-c)
1H-Nffi(500l 1z, CDC13) : o ppm: 1.29 (isomerA3H. s).
1.31 (isomerB3H. s), 1.44 (isomerA91L s), 1.46
(isomerB9H. s). 1.57 (isomerBif, d, J=12.2Hz), 1.67
(isomerAlll, d. J=12.21tz), 1.76 (isomerAlH,  d,
3=12.2Hz), 1.90 (isomerBiH, d J=12.2Hz). 2. 19-2.35
(2H+isomerA21i. m), 2.55-2.77 (IH+isomerB4li,  a).
2.92 (isomerAlH, d. J=13.2Hz), 2.94 (isomerAlli. d.
3=13.2Hz). 5.70 (1H, br). 5.82-5.83 (1H.  M). 189 -
[Table 15] 38 (38-d) 1dp. 177-178t;, 111-NMR(400MHz,
CD300) : b ppm: 1.33 (isomerA3H, s), 1.36 (isomerB3H,
s), 1.71 (isomerBlH, d,  J=12.5Hz), 1.76 (isomerBlH,
d. J=12.5Hz), 1.89 (isomerAlH, d, J=12.5Hz), 2.21-2.23
(isomerBlH,  m), .2.25-2.28 (isomerBlH, m), 2.33-2.37
(isomerBlH, m). .2.38-2.41 (isomerBlH, m), 2.48
(isomerBlH,  s), 2.70 (isomerBlH, br), 2.76
(isomerBlH. d. J=15.6Hz), 2.79 (isomerAlf, br), 285
(isomerBlH,  d. J=15.6Hz), 2.92 (isomerB2H, s). 3.18
(isomerBlH, d, J=1?_9Hz), 3.27 (isomerAlH, d.
J=12.9Hz).  5.68-5.74 (111, m), 5.88 (isomerAli, ddd.
J=2. Q, 3.5, 5.9Hz). 5.93 (isomerBlH ddd, J=2.0, 3. 5,
5.9Hz) . IR MCI) : cm-I: 1632, 1508, 1397. 711. MS
(ESI+) : m./z : 250(M+Na+MeOH)+ , 240(M+2Na-H)+ ,
218CM+Na)+ , 196(M+H)_:  HRMS(ESI+) calcd for (M +
H)+: 196. 13375. Found 196. 13106 (-2.69 mmu). Anal.
caled for C1IH17N0': C, 67.66; H. 8.78; N .7. 17.
Found C, 67.31: H, 8. 97; N, 7. 16.  39(39-a) 111 NMR
(CDC13. 400 )EHz): Two isomers b 1. 16 (1.5H, d, J =
7. 4 Hz) and 1.34 (1.511. d. J = 7.0 Hz). 1.46 (1.5F
s) and 1. 49 (1.511. s) .  1.61-1.7-2 (111, m).
2.30-2.38 (111. m). 2.43-2.51 (131. m). 2.62-2.73 OR.
m). 3.85-3.93 (0.511, m)  and 4.30-4.34 (0.511, m).
&38--5.39 (0.51. m) and 5.44-5.46 (0.511. M),
5.59-5.65 (0.511, m) and  5, 7 -5, 89 (1.511, m) .
39(39-b) 111 NMP. (CDC13. 400 MHz): Three isomers: 



b 0.93 (0.911. d, J = 7.8 Hz) and 0.97 (1.211, d. J =
7.0 Hz) and 1.04 (0.911. d, J = 7.4 Hz). 1.44  (2.711,
s) and 1.46 (2.711, s) and 1.47 (3.611, s). 2.02-2.22
(111, m). 2.35-2.42 (13, W. 2.44-2.49  (211, m).
2.52-2.59 (111, m), 2.65-2.67 (IH, m), 3.05-3.12
(0.311, m) and 3.18-3.22 (0.411. m) and  3.33-3.37
(0.311, m). 4.61 (0.4H, d. J = 12.1 liz) and 4.71
(0.311, d, J = 12.1 Hz) and 4.81 (0.331,  d, J = 11.7
11z) . 4.76 (0. 411, d. J = 12. 1 Hz) and 4.92 (0.311,
d. J = 11.7 Hz) and 4.98 (0.311. d,  J = 12.1 Hz).
5.65-5.69 (0.611) and 5.71-5.74 (0.411) , 5.90-5.96
(111. m). 39(39-c) 111 NMR (CDC13. 400 MHz): Two major
isomers: 6 0.89 (1.811, d. J = 7.8 Hz) and 0.99
(1.211, d. J = 7.4 Hz), 1.42-1.47 (1911, m), 2.04-2.17
(111,  m). 2 26-2. 36 (211, m), 2.40-2.4 7 (211, m),
2. 97-3.03 (Ili, m), 3.18-3.22 (0.411, m) and 3.31
(0.6F  dt, J = 11.3. 13.7 Hz). 3.40-3.54 (111, m),
4.89 (0,411, br s) and 5.01 (0.611, br s). 5.71-5.86
(211.  M). 39(39-d) 111 NMR (CD30D. 400 MHz): Two
major isomers b 0.99 (1.511, d. J = 7.8 Hz) and 1.03
(1.511, d. J = 7.0 Hz). 1.81-1.92 (Q.511. m) and 2.
13-2.20  (0.511, m), 2.26-2-51 (411, m), 2.64-2.75
(.111, m), 2.94-2..99 OH, m), 3.08-3.24 1211, m).
5.77-5.81  (IN, M), 5.88-5. 95 (1H, M). MS (EI): m/z:
195 (M+). Anal. Calcd for CI1HI7N02: C 67.66; H 8.78:
N 7. 17; Found: C 67.00: 11 8.83: N 7.18.  IR (RBr) :
cm-1: 2951. 2651, 1628. 1540, 1399. 652. 40(40-a) iH
NMR (CDC13, 400 MHz): b 1.08 (311, t. J = 7.4 Hz),
1.46 (911, s). 1.51-1.58 (111. m), 1.92-2.04 (211, m).
? 13 (211, 4, J  = 7.4 Hz), 2.31 (111. d, J = 14.1
Hz), 2.39 (111, d. J = 14.1 Hz), 2.47 (111, dd. J =
7.8, 16.4 Hz).  2.76-2.84 M. m), 2. 98-3.03 (111, m),
3.32 (111, dd, J = 6.3. 14.5 Hz), 3.4 7 (111, dd, J =
6. 3, 14.5  Hz). 2.72 (111. br s). 5.31-5.33 (111, m).
40(40-b) 111 NMR (CDC13, 400 MHz): b 1.08 M. t, J =
7.4 Hz). 1.46-1.47 (111. m). 1.47 (911, s), 1.98-2.00
(111, m). 202-2.04 (IH,  a), 2.09-2. 16 (211, m),
2.32-2.38 (111, m). 2.43-2.49 (2lL m), 2.79-2.83 (111,
m), 3.02 (311, s),  3.I8-'1.20 (111, m). 3.35-3.44
(111, m), 3.64-3.72 (1H. m). 5.32-5.34 (.111. m),
40(40-c) Mp. 177-179 oC. 111 NMR (CD30D. 400 MHz): b
1.11 OR, t, J = 7.4 Hz). 1.51 (111, dd. J = 7.4, 12.5
Hz). 2.08-2.12 (111, m). 2. 15-2.21 (311,  m),
2.50-2.56 (111, m). 2.54 (211, s), 2.77 OR, s).
2.87-2.95 (111, W. 3.14-3.19 (111, m). 3.35 (LH,  d, J
= 12 9 Hz). 3. 40 (1H, d, J = 12. 9 Hz), 5. 30-5. 33
(iF. m). 



MS (FAB) : m/z: 244 (M(free) + H) Anal. Calcd for
C13H22N02C1: C 60. 11: H 6.54; N 5.39: C! 13.65;
Found: C 58.70. H 8.43; N 5.32:  Cl 15.67. IR Mr):
ca-I : 296"a, 1714. 1467. 1208. 1020, 788.  41(41-a)
111 NMR (CDC13, 400 MHz): 6 0.04 (611, s). 0.87 (311,
t. J = 7.4 Hz). 0.89 (911. s), 1.17-1.30 (111, m).
1.51-1.60 (111, m).  2. 03-2. 11 (111, m) , 3. 49
(111, dd. J = 6.3, 9.8 Hz). 3.53 (111, dd, J = 6.3.
9.8 Hz) , 5.00-5.03 (111.  m). 5.05-5.06 (111, a). 5.
57-5. 66 (111, m). - 190 - [Table 16] 41(41-b) IN NMR
(CDC13, 400 MHz): 6 0.87 (3H, t. J = 7. 4 Hz), 1.29
(3H. T, J = 7.4 Hz). 1.29-1.36 (1H, m), 1.41-1.51 OH.
m). 2.03-2.12  (1H, W, 2. 17-2.31 (2H. m), 4. 18 (2H.
q, J = 7.4 Hz), 4.97-5. 05 (21L m). 5.53-6.62 (1H, M).
5.81  (1H, d, J = 15. 6 Hz). 6.91 (1H, dt. J = 7.4,
15.6 Hz). 41(41-c) IH NMR (CDC13. 500 MHz) : 6 0.88
ON, J = 7.3 Hz), 1.25-1.35 O.H. m), 1.42-1.50 (IN, m),
? 05 -2.12 (11, m), 2.20-2.27  (1H. a). 2.29-2.35 (IH,
m), 4. 98-5.06 (2H. m). 5.53-5. 60 (IH, m), 5.82 (IN,
d, J = 15.6 HZ), 7.03  OR. dt, J = 7.8. 15.6 Hz).
41(41-d) IN NM( (CDC13, 400 MHz):  Major isomer: 6
0.86 ON. t, J = 7.4 Hz). 1.23-1.38 (2H, m). 1.45 (91.
s), 2.45-2.51 (1H, m). 2.54-2.62 (111,  m), 2.97-3.07
(1H, m), 3.25-3.33 (1H, m). 3.86-3.90 OH, m),
5.48-5.50 (IH, m). 5.57-5.63 (1H,  a), 5.79-5.84 (IH,
m). Minor isomer: 6 0.93 (3H. t. J = 7.4 Hz).
1.23-1.38 (211, m), 1.49 (91 s), 2.40-2.43 (IN. m),
2.65-2.68 (1H.  m), 2.78-2.86 (1H, W, 2.88-2.96 (IN,
m), 4.30-4.33 (1H, m), 5.36-5.38 (IN,. m), 5.65-5.68
(IN,  m). 5.79-5.84 (IH, m). 41 (41-e) IN NMR (CDC13,
400 MHz) :  Major isomer: b 0.83 ON, t, J = 7.4 Hz).
1. 18-1.34 (2H, m). 1.45 ON. s), 1.50-1, 54 (IN, m),
2.29 (Ili, ddd,  J = 2. 7. 8.9. 12.9 Hz), 2. 33-2.38
(1H, W. 2.46 (2H. s), 2.50-2, 56 (IN. m), 3.22-3.28
(1H. m),  4.78 (IH, d, J = 11.7 Hz), 4.86 (IN, d, J =
11.7 Hz), 5.65-5.67 (IH, m), 5.92-5.95 (111, m).  



Minor isomer: b 0.88 OF. t, J = 7.4 Hz), 1.33-1.39
(111. m), 1.45 ON. s), 1.85 (IN, dd, J = 8.2, 12.9
Hz).  1.97 (IN, ddd, J = 3.1. B. 6, 12.9 Hz), 2.46
(2H. s). 2.69-2. 70 (IN, m), 2.71-2.77 (1H, m),
2.95-3. 03  (1H. m), 3.17-3.21 (1H. m), 4.54 (1H, d, J
= 12.5 Hz), 4.60 (1H. d. J = 12.5 Hz). 5.59-5.62 (IN.
m). 5.76-5.82 (IN. m). 41(41-f) 1H NMR (CDC13, 500
MHz) :  Major isomer 5 0.83 M. t, J = 7.3 Hz).
1.17-1.22 (IH. m). 1.24-1.31 (1H, W. 1.43 ON, s).
1.41-1.45 (IN,  m), 1.95 (1H. ddd. J = 2.9, 8.8, 12.2
Hz). 2.22 (IN, d, J = 13.7 Hz), 2.29 (1H, d. J = 13.7
Hz),  2.29-2.32 (IN, m). 2.37-2.12 (111. m), 2.87 (2H,
s) t 2.95-2.99 (1H, m), 5.77-5.79 (1H. m). 5.85-5.86
(1H, M). Minor isomer: b 0.87 ON. t, J = 7.3 Hz),
1.24-1.31 (1H, m), 1.43 (9H, s). 1.48-1.54 (1H, m).
1.61 (IF, ddd.  J = 2. 9, S. 3, 12.2 Hz), 1.75 (1H,
dd. J = 7. 8, 12.2 Hz), 2.22 (IN. d, J = 13.7 Hz),
2.29 (1H, d,  J = 13.7 Hz), 2.29-2.32 (IN, m), 2.53-2.
59 (1H, a), 2.67-2.71 (1H, m), 2.88 (2H, S). 5.69-5.
74  (2H. m). 41(41-g) IN NMR (CD30D, 400 MHz) :  Major
isomer S 0.85 (311, t. J = 7.4 Hz), 1. 17-1.28 (1H.
m), 1.28-1.36 (1H. m), 1.50 (1H, dd. T = 7.4. 12.5
Hz), 2. 15 (IH, ddd, J = 2. 7, 9.0, 12.5 Hz).
2.33-2.37 (11L m), 2.37 ON, s), 2. 50 (2H, s), 2.53-2.
59  (1H, m), 3. 14-3. I8 (IN. m), 3.32 (1H, d, J =
13.3 Hz), 3.36 (1H. d, J = 13.3 Hz), 5.70-5.72 (1H.
W. 5.97-5.98 (1H, m) , 7.23 (21L d, J = 7.8 Hz), 7.70
iii, d. J = 7.8 Hz). Minor isomer 6 0.91 (3H, t, J =
7.4 Hz). 1.3E-1.42 (1H. m), 1.56 (IN. dd, J = 6.7,
13.7 Hz). 1.81-1.88 M.  m), 2.37 ON. s), 2.19 (2H, s),
2.70-2.T7 (1H, m), 2.97-3.04 (1H. m), 3.12-3.19 (2H.
m). 3.32-3.35  (1H, m), 5.64-5.66 (1H, m). 5.81-5.84
(1H. m). 7.23 (2H. d. Jr 7.8 Hz). 7.70 (211, d, J =
7.8 Hz).  41(41-h) 1H NMR (Q)30D. 400 MHz) : Major
isomer b 0.85 (3H, t, J = 7.4 Hz), 1. 19-1.27 (1H, m),
1.27-1.35 (1H, m), 1.48 (1H. dd, J = 7.4, 13.5  Hz),
2.05 (1H, ddd, J = 2.7, 9.0, 12.5 Hz), 2.31-2.37 (1H,
m), 2.47 (211, s), 2.51-2.57 (IN. m).  3. 12-3.24 M.
m), 5.76-5.78 (1H. m). 5.92-5.93 (1H. m). Minor
isomer: 



6 0.90 (3H. t. J = 7.4 Hz). 1.35-1.42 (1H, m). 1.55
(IH, dd. J = 6.7, 13.7 Hz). 1.72 (1H, ddd,  J = 2. 7.
S . 1.83 (111, dd, J = 7. S. 122. 1 Hz), 2.46 (2H. s),
2. 677-2.75 (111, m), 2.95-3.02  (I.H. W. 3.12-3.25
ON, m). 5.70-5.72 (1H. m), 5.76-5.78 (1H, m). MS (EI)
: m/z: 209 (M+). Anal. Calcd for C12Hi9N02: C 68.87: H
9. 15: N 6.69: Found: C 68.52: H 9.24: N 6.68.  IR
(}r): cm-1: 2958, 2641, 1621, 1511. 723. 191 - [Table
17] 42 (42''-a) 1H iOlR (CDC13, 400 Mliz) : S 2.05
(1H, dd, J = 4. 7. 12.5 Hz). 2. 18-2.23 OR, m). 2.32
(IH, ddd, J = 2.0. 10.2, 19.6 Hz).  2.44-2.55 (2H. m),
2.68-2.82 W. m), 3.17-3.22 OR, m). 3.80-3.95 (4H. m).
42 (42-b) 1H NMR (CDC13, 400 MHz) : 6 2.25-2. 33 (1H,
m). 2.42 (1H. ddd, J = 1.6. 3.9. 16.8 Hz). 2. 59-2.68
(2H. m). 2. 82-2.89 (11.  M). 3.46-3.51 (IH, m).
3.81-3.99 (411. m), 5.66-5.68. 42(42-c) 1H NMR (CDC13.
400 MHz): 6 2.09 (1H, ddd. J = 1.6, 6.7. 12.9 Hz).
2.31-2.38 (LH, m), 2.50-2.56 (1H, m). 2.62-2.70 (211,
m). 3.53-3.56 (1H. m). 3. 84-3.89 (211. m). 3.93-3.97
(2H. m), 5.10-5.14 (2H, W, 5.68 (1H. br s).  6.63 (1H,
dd. J = 10.2, 18.0 Hz). 42(42-d) 1H N13( (CDC13, 400
Mliz):  Major isomer : S 1.45 OR, s). 2.40-2.46 (1H.
m). 2. 70-2. 79 (2H, m). 2.96-3. 05 (1H. m). 3.33 (1H,
ddt. J = 2. 7.  S. 6, 18.4 Hz), 3.95-3.99 (1H. m). S.
11-5.17 (211, m), 5.48-5.49 (1H, m). 5.60 (IF, hr s),
6.66-6.66  (1H, M). Minor isomer: 6 1.49 OR. s),
2.40-2.51 (2H, m), 2.65-2_.68 (1H. m), 2.96-3.05 (21,
m). 1.38-4.42 (1H, m),  5.11-5.17 (2H, m), 5.38-5.39
OH. m). 5.83 (1H. br s), 6.56-6.66 (1H, m). 42(422-e)
1H N3(R (CDC13. 500 MHz): S 1.45 OR, s). 1.45-1.47
(1H, m), ^_.29-2.32 (1H, m), 2.34 (IH, ddd. J=2.9,
8.8, 12.7IL), 2.48  (2H, s), 2.63 (1H, dd, J = 7.3.
16.1 Hz). 2.92-2.98 (1H. m), 3.32-3.35 (1H, m), 4.78
(IF., d, J  = 11.7 Hz), 1.84 (1H, d. J = 11.7 Hz), S.
15-5. 19 (2H. m), 5.64 (1H, br s), 6.64 (1H, dd, J =
10. 7,  17.6 Hz). 42(42-f) LH NMI( (CDC13, 400 MHz): 



6 1.44 OR, s), 1.44-1.48 (1H, m), 2.01 (IH. ddd, J =
2.4, S.6. 12. 1 Hz). 2.24 (IH. d. J = 14.1  Hz),
2.24-2.29 OR. m), 2.31 OR, d. J = 14. 1 Hz), 2.
56-2.63 (1H. m), 2.78-2.86 (1H, m), ? 88 (2H,  s).
3.01-3.08 (111. a). 5. 10-5.14 (211, m), 5.77-5.78
(1H. m), 6.66 (1H dd. J = 10.2. 17.6 Hz).  42(42-g)
I.H NlIR (030D, 400 MHz) : 6 1.51 (1H, dd, J = 7.4,
12.5 Hz), 2.20 (111, ddd, J = 2. 7, 8.6. 12.5 Hz),
2.30-2.34 (1H, m). 2.37  OR, s), 2.51 {2H, s), 2.63
(1H, dd, J = "+ S. 16.4 Hz), 2.91-2.99 (1H, m),
3.22-3.26 (1H, m). 3.31  (1H, d. J = 13.3 Hz), 3.36
(1H. d. J = 13.3 Hz). S. 16-5.21 (2H, m), 5.66 (1H. br
s), 6.68 (1H,  dd, J = 11. 0. 17.6 Hz), 7.23 (2H. d, J
= 8.2 Hz), 7.71 (2H, d. J = 8.2 Hz). 42(42-h) MR.
183-185`C. 1H NMR (CD30D, 400 MHz): 5 1.48 (.1H, dd. J
= 77.4. 12.1 Hz), 2. 11 (1H, ddd, J = 2.7, &6. 12.1
Hz). 2.27-2.32 (1H, m). 2.49  (2H, s), 2.60 (1H, dd, J
= 7.4, 16.0 Hz). 2.90-2.97 (1H, m), 3.17 (LH, d. J =
12.9 Hz). 3. 19-3.24  (1H, m), 3.22 (1H, d. J 12.9
Hz), 5.12-5.17 (2H, m). 5.75 (1H, hr s), 6.67 (1H. dd,
J = I1.0,  17.6 Hz). MS (FAB) : m/ z: 208 (lf4,H)+.
Anal. Calcd for CI2HI7N'02: C 69.54; H 8.27: N 6. 76;
Found: C 68.74: H S. 10: N 6.76.  IF. (kBr): cm-1:
2905. 2646, 1634. 1525. 1397. 896. 43(43-a) 1H NMR
(CDC13, 400 MHz): S 0.19 OR, s), 2.17 (1H, ddd. J =
1.2, 6.7, 12.9 Hz), 2.30-2.36 (1H, m). 2.49-=.55 (11,
m),  2.56-2.63 (111, m). 2.72 (IN ddt, J = 2.4. 7.8.
16.4 ltz). 3.52-3.57 (1H, m). 3.81-3.966 (411, m),  6.
02 (1H. ddd. J = 2.4. 2. 4. 2.-4 Hz), 43(43-b) 1H MIR
(CDC13, 400 MHz) :  Major isomer : 6 0.20 OR. s), 1.45
(9H, s). 2.39-2.45 (IR. m). 2.76-2.79 (1H, m).
2.80--2.86 (1.H. m). 2.91-3.00  (1H, m), 3.31 (1H,
ddt. J = 2. 7. 8.6, 18.4 Hz), 3.96-4.01 (1H, m).
5.46-5.48 (1H. m), 5.94-5. 96  (1H, m). Minor isomer:
6 0.20 OR, s). 1.48 (911, s). 2.38-2.45 (11, m),
2.51-2.57 (1H. m), 2.71-2.75 (11L m). 2.91-3.00  (21,
m), 4.37-4.42 (1H, m), 5.37-5.39 (1H, m). 6.16-6.18
(1H, m). 43(43-c) 1H NMR (CDC.13. 500 MHz): 5 1.45 OR.
s), 1.64 (1H, dd. J = 7.3, 13. 2 Hz). 2.29-2. 34 (111,
m), 2.36 (IN ddd. J = 2.9, 8. 8.  13.2 Hz), 2.49 (211,
s), 2.72 (111, ddt, J = 2.4, 5.3. 16.6 Hz). 2.90-2.96
(1H. m). 3.08 (1H. s).  



3.37-3. 38 (1H, it), 1.77 (1H, d, J = 11.7 Hz) . 4.82
(UI, d, J = 11.7 Hz). 6.04-6.05 (IF. m). - 192 -
[Table 18] 43(43-d) Ill NMR (CDC13. 400 MHz): b 1.44
(9H, s), 1.49-1.5.4 (1H. m), 2.02 (14 ddd, J = 2.4. S.
6, 12.6 Hz). 2.25 (1H. d, J = 14. 1  Hz), 2.25-2.31
(1H, m). 2.32 (1H. d, J = 14.1 Hz), 2.69 (11. ddt, J =
2.4, 7.8, 16.0 Hz), 2.76-2.82  (IF., m), 2.86 M. s),
3.03 (1H, s), 3.06-3. 11 (1H, m), 6.19-6.21 (1H, M).
43(43-e) 1H NMR (CD30D, 400 MHz): S 1.58 (1H, dd, J =
7. S. 12. 9 Hz), 2.20 (IH. ddd, j = 2.4. 8.6, 12. 9
Hz), 2.26-2.31 (1H, m), 2. 37  (311, s), 2.51 (2H. s),
2.69 (lI , ddt, J = 2.4, 7.8, 16.4 Hz), 2.89-2.97 (LH,
m), 3.23-2.28 (1H.  m), 3.31 (1H, d, j = 13.3 Hz),
3,35 (1H. d, J = 13.3 Hz), 3.48 (1H, s), 6.00-6.02
(1H. m), 7.23  (2H. d. J = 8.2 Hz) . 7.70 M. (. J = S.
2 Hz) . 43(43-f) Mp. 184-186'C. IH N1fR (CD30D, 500
MHz) : b 1.56 OR, dd, j = 7.8. 12.2 Hz), 2. 11 (!H,
ddd, j = 2.9, 8.8, 12.2 Hz). 2.23-2.28 (1H, m), 2.49
(2H, s), 2.66 (1H. ddt, j = 2.4, 7.8, 16.1 Hz),
2.88-2.94. (IH. m), 3. 16 (1H, d, J = 12.7 Hz), 3. 221
(LH, d. J = 12.7 Hz). 3.22-3.26 (1H. m), 3.42 (1H, s).
6.08-6.10 (1H, m). MS (FAB): miz: 206 (M H)+. Anal.
Calcd for C12H15NO2: C 70.22: H 7.37: N 6.82: Found: C
69.00: H 7.49; N 6.77.  IR Mr): cm-1: 3288. 2908,
1525, 1397, 1063, 665. [0152 (Preparation Example) 5 g
of the compound of Example 21, 90 g of lactose, 34 g
of corr. starch, 20 g of crystalline cellulose, and I
g of  magnesium stearate are mixed using a blender and
then  compressed using a tableting machine to obtain a
tablet.  [0153] (Test Example Construction of human
calcium channel  subunit a261 (hereinafter, referred
to human Cacna2dl) gene  expression plasmid, and
preparation of human Cacna2dl- expressing cell
membrane fraction a) Construction of human Cacna2dl
expression plasmid  



pRK/hCacna2dl a-1' Preparation of DNA fragment The
human Cacna2dl gene was obtained as two fragments,
the first half and second half fragments. PCR, was
performed  using a cDNA library (QUICK-Clone cDNA
Human Brain (Clontech 193  Laboratories, Inc.)) as a
template and an enzyme KOD  polymerase (TOYOBO CO.,
LTD.) according to -the protocol  provided for this
enzyme. PCR primers used were, for the  first half"
fragment, primers having the following sequences:
Primer 1: 5'-agctgcggcc gctagcacca ccatggctgg
ctgcctgctg ac- 3' (SEQ --D NO: 1), and Primer 2:
5'-attagga-cg attgcaaag- aataccc-31 (SEQ ID NO: 2);
and for the second half fragment, primers having the
following  sequences: Primer 3: 5'-aatgggtatt
act-tgcaat cgatcc-3' (SEQ _D NO: 3),  and Primer 4:
5'-agtcggatcc tcataacagc cgg-gtgtgc tg-3' (SEQ ID  NO:
4) purchased from SIGMA GENOSYS. The PCR reaction was
performed  for both the first half and second half
fragments using a  thermal Cycler (GeneAmp PCR System
970C (Applied Biosvstems,  Inc.) ) through a process
involving heating at 94C for I  minute, then 35
thermal cycles (94C for 15 sec., 60r for 30  sec., and
68C for 2 min.), placing at 68C for 5 minutes,  and
cooling to 4C. [C154 These two reaction products were
purified using a PCR  product purification kit
(MiniElute PCR Purification Kit  (QIAGEN)) according
to the protocol included in this kit.  The obtained
first half fragment was digested with a 



restriction enzyme Not= (TOYOBO CO. , LT'D.) . The
second :gal=  fragment was digested with restriction
enzymes Clal (TOYOBO 194  CO., LTD.) and BamHl (TOYOBO
CO., LTD.). Subsequently, these  fragments were
purified using a reaction product purification  kit
(MiniElute Reaction Cleanup Kit (QIAGEN)) according to
the protocol included in this kit. [0155]  a-2)
Preparation of vector The multicloning site
(hereinafter, referred to as MCS)  of an expression
vector pRKS for animal cells (BD Pha=mingen)  was
changed to the MCS of a vector pBluescri.pt 2
(STRATAGENE)  to prepare a vector. Specifically, pRKS
was treated with restriction enzymes Clal (TOYOBO CO.,
LTD.) and Hind3 (TOYOBO  CO., LTD.), and both the ends
of this DNA were then blunt- ended using Klenow
fragment (TAKARA BIO INC.). Both of these  ends were
further dephosphor_ylated using calf intestine
alkaline phosphatase (hereinafter, referred to as
CLAP;  TAKARA BIO INC..), and the fragment was then
purified using  MiniElute Reaction Cleanup Kit
(QIAGEN) Then, this enzyme- treated DNA was
electrophoresed on 1.0% agarose gel. After  the
electrophoresis, the gel was stained with ethidium
bromide. Then, a band portion corresponding to
approximately  4.7 kbp was separated under UV
irradiation using a razor  blade. DNA was extracted
therefrom using a gel  extraction/purification kit
(MiniElute Gel Extraction Kit  (QIAGEN)) according to
the protocol included in this kit.  [01561 To obtain a
DNA fragment corresponding to the MCS of  pBluescript
2, DBluescript 2 was treated with restriction  enzymes
Sacl (TOYOBO CO., LTD.) and Kpnl (TOYOBO CO., LTD.), -
195  



and both the ends of this DNA were then blunt-ended
using  Klenow fragment (TAKARA BID INC.). Then, this
enzyme-treated  DNA was electrophoresed on 2.0%
agarose gel. After the  electrophoresis, the gel was
stained with ethidium bromide.  Then, a band portion
corresponding to approximately 100 bp  was separated
under UV irradiation using a razor blade. DNA  was
extracted therefrom using a gel
extraction/purification  kit (MiniElute Gel Extraction
Kit (QIAGEN)) according to the  protocol included in
this kit. [0157;  The obtained DNA fragment and the
already-cleaved pRKS  were ligated using a DNA
ligation kit (TAKARA BID INC.)  according to the
protocol included in the kit. With this  reaction
product, E. Coil DH5a competent cells (TOYOBO CO.,
LTD.) were transformed to obtain ampicil_in-resistant
colonies. Some of the colonies were collected, and the
collected colonies were then cultured. From the
obtained  bacterial cells, a plasmid was extracted and
analyzed for its  nucleotide sequence using a DNA
sequencer (Model 3700  (Applied Biosystems, Inc.)) to
confirm the introduction of  the MCS sequence in the
pRKS. In this context, a vector in  which, when the
CMV promoter is viewed as being located  upstream, the
MCS sequence was incorporated such that it was
oriented in a downstream direction as follows: 5'-
ccaccgcggtaacggccgctctagaactagtggatcccccgggctgcaggaatt
cgatatc  aagcttatcgataccgtcgacctcgaggggaggcccg-3' (SEQ
ID NO: 5) was  designated as pRK-SK, and a vector in
which the MCS sequence - 196  was incorporated in an
orientation opposite thereto was  designated as
pRK-KS. [0158]  a-3) Construction of nlasmid 



The oRK-SK obtained in paragraph a-2) was treated with
a  restriction enzyme Xbal (TOYOBO CO., LTD.), and
both the ends  of the DNA were blunt-ended using
Klenow fragment (TAKARA BIO  INC.). The blunt-ended
DNA was further digested with a restriction enzyme
Not- (TOYOBO CO., LTD.) and purified in  the same way
as in paragraph a-2). This pRK-SK thus made  linear
and the first half DNA fragment of the human Cacna2dl
gene obtained in paragraph a-1) were electrophoresed
on 1.00  aaarose gel, and DNAs of approximately 4.7
kbp and  approximately 1.5 kbp were extracted from the
gel and  purified in the same way as in paragraph
a-2). The obtained  two DNAs were ligated in the same
way as in paragraph a-2),  and E. co'i was transformed
with the ligation product. From.  the obtained E. co74
clones, a nlasmid was extracted and  analyzed for its
nucleotide sequence using a DNA sequencer  (Model 370C
(Applied Biosystems, Inc.)) to confirm the
introduction of the sequence represented by SEQ ID NO:
6  therein. Next, the obtained plasmid was treated
with  restriction enzymes Clal (TOYOBO CC., LTD.) and
BamHI (TOYOBO  CO., LTD.), and CLAP treatment and
purifca-ion were  performed in the same way as in
paragraph a-2). This nlasmid  DNA thus made linear and
the second half DNA fragment of the  human Cacna2dl
gene obtained in paragraph a-l) were  electronhoresed
or. 1.0% aaarose gel, and DNAs of 197  approximately
6.2 kbp and approximately 1.8 kbp were  extracted from
the gel and purified in the same way as.in  paragraph
a-2) The obtained two DNAs were ligated in the  same
way as in paragraph a-2), and E. coli was transformed
with the ligation product. From the obtained E. coli
clones,  a plasmid was extracted and analyzed for its
nucleotide  sequence using a DNA sequencer (Model 3700
(Applied  



Biesystems, Inc.)) to confirm the introduction of the
sequence represented by SEQ ID NO: 7 in the vector
pRK-SK.  The obtained plasmid was designated as
pRK/hCacna2dl. [0159;  b) Obtainment of human
Cacna2dl-expressing 293 cell line  293 cells were
transfected with the human Cacna2dl expression plasmid
pRK/hCacna2dl constructed in paragraph a),  and a cell
line stably expressing human Cacna2dl was obtained
with human Cacna2dl protein expression as an index.
Specifically, 2x106 293 cells were inoculated onto a
66 cm  dish and cultured for 12 hours. Then, the cells
were  cotransfected with 5 g of pRK/hCacna2dl and 0.5
g of a  neomycin-resistant gene expression plasmid
pSV2neo (Clontech)  using a transfection reagent
Lipofectamine Plus (Invitrogen  Corp.) according to
the protocol provided for the reagent.  [0160: The
cells thus transfected were collected, then
inoculated onto a 015 cm dish after dilution, and
cultured  for 2 weeks in DMEM (Invitrogen Corp.)
supplemenzed with 10%  fetal bovine seruir, (Cansera
Interna-ional, Inc.) and 500  g/ml G418 (Invitrogen
Corp.). The neomycin-resistant cells - 198  that
successfully formed colonies were isolated. After
expansion culture, the cells were collected, and the
cell  lysate was evaluated by Western assay to obtain
a human  Cacna2dl-expressing 293 cell line. In the
Western assay,  anti-hCacna2dl antibodies (Chemicon
Inc.) were used as  primary antibodies. [0161]  c)
Preparation of cell membrane fraction of human
Cacna2di- expressing 293 cell The human
Cacna2dl-expressing 293 cells obtained in  



paragraph b) were cultured in large scale in DMEM
(Invitrogen  Corp.) supplemented with 10% fetal bovine
serum (Cansera  International, Inc.) and 500 g/ml G418
(Invitrogen Corp.),  and the cells were collected. A
protease inhibitor (Complete  EDTA free (Roche Applied
Science)) was added in an amount  recommended. for the
reagent to a binding assay buffer (10 mM  MOPS (pH
7.4), 10 mM HEPES (pH 7.4), 100 mM NaCl) to prepare  a
membrane fraction preparation buffer. The collected
cells  were washed with the membrane fraction
preparation buffer and  then homogenized using an
ultrasonicator. Then, the  homogenate was centrifuged
at 12,000 rpm at 4C for 1 hour  using a centrifuge.
The supernatant was discarded, and the  precipitate
was suspended in the membrane fraction  preparation
buffer. The procedure from the ultrasonication  using
a ultrasonicator to the suspension of the precipitate
after centrifugation was further repeated three times,
and  the obtained suspension was used as a human
Cacna2dl- expressing cell membrane fraction. The total
level of - 199  proteins contained in the membrane
fraction was calculated  from UV absorbance at a
wavelength of 280 nm. [0162]  (Test Example 2)
Construction of detection system for binding  reaction
between Cacna2d1 and Gabapentin (hereinafter,
referred to as GBP), and detection of Cacna2dl/GBP
binding  reaction inhibitory activities of compounds
of Examples a) Construction of detection system for
binding reaction  between Cacna2dl and GB? The human
Cacna2dl-expressing cell membrane fraction and  GBP
labeled with a radioisotope 3H (hereinafter, referred
to  as 3H-GBP; Tocris Cookson Ltd.) were diluted with
a binding  assay buffer (10 mM MOPS (pH 7.4), 10 mM
HEPES (pH 7.4), 100  



mM NaCl) at a final concentration of 2.5 mg/ml in
terms of  the total protein level and a final 'H-GBP
concentration of  4.5 nM, respectively, to prepare 120
l of a reaction  solution, which was in turn left
standing at 4C for 3 hours.  This reaction product was
added to wells of a filter plate  (UniFilter 350 GF/B
(Whatman)) and filtered through the  filter. Then, a
washing procedure involving the addition of  350 l of
a binding assay buffer (10 mM MOPS (pH 7.4), 10 mM
HEPES (pH 7.4), 100 mM NaCl) and filtration through
the  filter was reoeated three times. The filter plate
was  thoroughly dried, and the underside was sealed.
After  addition of 50 l of Microscint 20 (PerkinEimer
Inc.), the  upper surface was also sealed, and
radiation derived from the  radioisotope 3H remaining
on the filter was counted using  TopCount (PerkinElmer
Inc.). From the obtained value, a - 200  value
obtained by adding unlabeled GBP (SIGMA-ALDRICH INC.).
at a final concentration of 20 M to the present assay
was  subtracted as that derived from nonspecific
adsorption, and  the obtained value was used as the
specific binding level of  3H-GBP to Cacna2dl (unit:
"count") [01631  b) Detection of Cacna2dl/GBP binding
reaction inhibitory  activities of test compounds Each
test compound was added at various concentrations  to
the Cacna2dl/GBP binding reaction detection assay
constructed in paragraph a), and the binding level was
measured by the method described in paragraph a).
Then, with  the Cacna2dl/GBP specific binding level
obtained by the  addition of the compound at a
concentration of x nM defined  as "binding level [x]"
and the Cacna2dl/GB= binding  inhibitory rate
thereagainst defined as "inhibitory rate [xl",  



the inhibitory rate (o) was determined based on the
following  equation: Inhibitory rate [x] (o) = (1-
(binding level [x] /binding level  [0]))x100, wherein
the binding level [01 refers to the binding level of
3H-GBP  obtained without the addition of the compound.
The inhibitory rate was plotted against the
concentration.  From this result, an "IC50 value" was
calculated, which is  the concentration of the test
compound necessary for  inhibiting 50% of Cacna2dl/GBP
binding. The test results of  the test compounds are
shown in Table 2. [0164] 201 - [Table 19 Example 1050
(nM)  1 5_  2 2% 24  6 26  36 8 28  9 32  10 28  1_ 89
12 32  13 200  1 4 55 1 5 % K 17 120  18 670  20 100
21 14  



22 10  24 85  31 14  [0165] (Test Example 3)
Mechanical hvDeralaesia assay It has been reported
that animals with oeripheral nerve  injury and
diabetic model animals exhibit hyoeralaesia and
allodynia symptoms to mechanical or thermal
stimulation. In_  the resent invention, mice su=ferine
from mechanical  hyperalgesia were used in evaluation.
The -,rice were acclimatized for 30 minutes in a
plastic  cage for measurement. Then, the test compound
was orally  administered to the mice, which were in
--u--r- evaluated =or  mechanical hiyperalaes_a at a
measurement time predetermined  b a person in charge
C- the test. The evaluation of 202  mechanical
hyperalgesia was conducted by a partial  modification
of the method of i'akasaki er al. (Pain 86 95-101,
2000) to confirm the effect of the test compound on
mechanical hyperalgesia. Specifically, mechanical
hyperalgesia was evaluated by assessing, based on
scores  according to the following criteria, behavior
induced oy  pressing 1.4 g of von Frey filament onto
the sole of the  anima': 0: no response, 1: withdrawal
from von Frey filament, and 2:  shaking or licking of
the hind paw immediately after the  stimulation. In
one measurement, 6 stimulations were given to the
mice, and. -he total score was used as a pair: score.
The test compound was evaluated by calculating TD50,
which is the dose of the compound that offers 00%
improvement  relative to the pair_ score of a
vehicle-administered group.  



In these models, for example, the compound described
in  Example 2 exhibited TD50 of 10.4 mg/kg. (Test
Example 4) Thermal hyperalgesia assay in the present
invention, mice and rats suffering from  thermal
hyperalgesia are used in evaluation. The test compound
i._. orally admin-stered to the animals,  which are in
turf evaluated for thermal hyperalgesia at a
measurement time predetermined by a person in charge
of the  test. Specifically, the sole of the hind paw
of the animal  is thermally stimulated, and the latent
time to withdrawal  behavior such as licking or
shaking of the paw is measured.  (Tes Example 5) Cold
plate tes 203  In the present invention, mice and rats
suffering from  cold allodvnia are used in evaluation.
The evaluation of cold allodynia is conducted
according  to the method of Tanimoto-Mori et al.
(Behavioural  Pharmacology 19, 85-90, 2008)
Speccifically, the animal is  placed on a metal plate
at a low temperature, and the latent.  time to
observable hind paw-lifting behavior and the duration
of the paw-lifting behavior are measured. (Test
Example 5) Acetic acid-induced writhing test in mice
The test compound is orally administered to mice, to
which 0.6c acetic acid is in turn administered
intraperitoneally at a measurement time predetermined
by a  person in charge Of, the test. The total number
of writing  behaviors is counted for 10 minutes (from
5 minutes after the -15 intraperitoneal administration
to minutes thereafter , . (Test Example 6)
Adjuvant-induced arthritis pain test in rats  An
adjuvant is prepared by pulverizing heat-killed
bacterial cells of NvcobacLerium buryrlcum using an
agate  mortar and then suspending the powder in dry
heat- sterii_ized  liquid paraffin, followed by
ul-rasonication. 



This adjuvant (100 ug/0.05 mw/paw in terms of the
amount  o= the heat-killed bacterial cells) is
intraderma=ly injected  into the right hind paws of
rats to induce arthritis. On day  18 after the
adjuvant treatment, the pain test is conducted.
Specifically, the test compound is orally administered
to the  animals. Their -arsotibial joints are flexed
five times at a  measurement time predetermined by a
person in charge of the - 204  test, and the number of
vocalizations (0-5) is recorded as a  pain score.
[0166]  (Test Example 7) Electrically induced
convulsion test The test compoun is ora_iv acI?_
_s-erect to mice. Tne_r  corneas in both the eves are
electrically stimulated (60 Hz,  50 mA, 0.2 sec.)
using an electric stimulation apparatus and  a bipolar
electrode at a measurement time predetermiined by
person in charge of the test, and the presence or
absence of  tonic extension of the hind paw is
observed and recorded.  (Test Example 8 Pen.ylenete-
-azol-induced convulsion test The test compound is
oral lY administered to :mice, to  which a
pentyienetetrazol solution (85 mg/10 ml/kg, dissolved
in saline) is ir_ -urn administered hypodermically at
a  Measurement time predetermined by a person in
charge of the  test. The presence or absence of clonic
convulsion is  observed and recorded over 30 minutes.
(Test Example 9) In addition, the effect of the
present invention can be  confirmed by evaluation
according to methods described in the  following
homepage of National Institutes of Health (NIH),  US.
N-H H?: Antiepileotic Drug Development (ADD) Program
(http://www.ninds.nih.gov./funding/research/asp/addadd
_review  



odf; Industrial Applicability  [0167] 20~  A comoound
of the present L'nventio pharmacologically acceptable
sal thereof can be used as an  active ingredient in a
pharmaceutical com os_tion for  treating and/or
preventing pain or disorders such as those  involving
the central nervous system.. Free ?ext for Sequence
listing  [0168 SEQ ID NO: DCR sense primer for the
-first half fragment of  human Cacna2dl. SEQ =D NO: 2:
DC-R. antisense primer for the first half  fragment of
human Cacna2dl. SEQ ID NO: 3: PCR antisense primer for
the second half  fragment of human Cacna2dl. SEQ ID
NC: 4: PCR anzisense Lorimer for the second pal`
fragment of human Cacna2dl. SEQ i- NO: multicloning
site of a vector TDBluesc-_ot 2. - 206 - CLAIMS  1. A
compound represented by the general formula (I', or a
pharmacologically acceptable salt thereof: R R' NHR6 R
CO( 7 (I)  RZ' Rl Rg, R R  wherein i  R KZi P,21 4 R i
Rci -, Rai and R` are each  independently a hydrogen
atom, a halogen atom, or a C1-C6 



and R` tOge~.~er with the carbGn at Om. to  alkyl
group, Or R2 which they are bound form a C3-C7
cycloalkyl group; and  R is a hydrogen atom, a halogen
atom, a C-C6 alky- group, a Cl-C6 alkyl halide group,
a hydroxy-C1-C6 alkyl  group, a su,fany-- -C6 alky=
group, a C_ _6 alkoxy-C1-C6  alkyl group, a C2-C6
alkenyl group,. a C2-C6 alkynyl group, a  C1-C6 alkoxy
croup, a Ci-C6 alkylsulfany_ croup, a C=-C6
.alkylsulfanyl-C'-C6 alkyl group, a C2-C7
acylthio-C1-C6 alkyl  group, a C2-C7 acyloxy-C1-C6
alkyl group, or a C3-C7  cycloalkyl group. 2. The
compound according to claim 1 or a pharmacologically
acceptable salt thereof, wherein. R' is a hydrogen
atom. 3. The compound according to claim 1 or 2 or a
pharmacologically acceptable salt thereof, wherein
both R2  2' and R are hydrogen atoms. 207  4. The
compound according to any one of claims 1 to 3 or a
pharmacologically acceptable salt thereof, wherein R-~
is a  hydrogen atom or a C1-C6 alkyl group. 5. The
compound according to claim 4 or a pharmacologically
acceptable salt thereof, wherein R3 is a hydrogen
atom, a  methyl group, an ethyl group, a propyl group,
or a butyl  group. 6. The compound according to claim
5 or a pharmacologically  acceptable salt t'_hereof,
wherein R3 is a hydrogen atom or an  ethyl group. 7.
The compound according to any one of claims 1 to 6 or
a  pharmacolcaica__y acceptable salt thereo*_, wherein
RS is a  hydrogen atom. 8. The compound according to
any one of claims - to , or a  



pharmacologically acceptable salt thereof, wherein R
i_ a  hydrogen atom. 9. The compound accordinc to any
one of claims - to 8 or a  pharmacologically
acceptable salt thereof, wherein. P6 is a  hydrogen
atom. 10. The compound according to any one of claims
1 to 9 or a  pharmacologically acceptable salt
thereof, wherein R^ is a  hydrogen atom. 11. The
compound according to any one of claims 1 to 10 or a
pharmaco-ogically acceptable salt thereof, wherein
both .E  and RE ' are hydrogen atoms. 1L. A
pharmacologically acceptable salt of a compound
according to any one of claims I to 11, wherein the
208 - pharmacologically acceptable salt is
hydrochloride,  benzenes"u:lfonate, or
o-toluenesulZonate. 13. A compound represented by the
general formula (Ia) or a  pharmacologically
acceptable salt thereof: R4 R' NHR6  R "'' COOR' (Ia)
8 R2 R  R2 Rl Rs  Wherein R1, R2, RZ , R`, R', RC, R7,
RE, and RE' are each  independently a hydrogen atom, a
halogen atom, or a C1-C6  alkyl group, or R` and R2
together with the carbon atom to  Which they are bound
form a C3-C7 cycloalkyl group; and R is a hydrogen
atom, a halogen atom, a C1-C6 alkyl  group, a CI-C6
alkyl halide group, a hydroxy-C1-C6 alkyl  group, a
sulfany_- 1-C6 alkyl croup, a Cl--' alkoxv-C1-C6  



alkyl group, a C2-C6 alkenyl group, a C2-C6 alkvnv=
group, a CI-C6 alkoxy group, a C1-C6 alkylsulfanyl
group, a Cl-C6  alkylsulfany_-C1-C6 alkyl group, a
C2-C% acylthio-C1-C6 alkyl  group, a r_2-C7
acvioxy-C_-C6 alkyl group, or a C-3-C-11 group.  14. A
compound represented by the genera_ -formula (Ib) or a
pharmacologically acceptable salt thereof: 209 - R4 R'
-NHR6 R3 COOK' Ib  R2' 2 s IR8 2 R R  wherein R1 R2 R2
RS R' Ro R R8 e and R are each  independently a hydro
en atom, a ria-ogee atom, or a -C6  alkyl group, or R2
and R2 together with the carbon atom to  which they
are bound form a C3-C7 cycloalkyl group; and R. is a
hydrogen atom, a halogen atom, a C1-C6 alkyl  group, a
C1-C6 alkyl halide group,- a hydroxy-C1-C6 alkyl
group, a sulfanyl-Cl-C6 alkyl group, a C1-C6
alkoxv-C1-C6  alkyl group, a C2-C6 alkenyl group, a
C2-C6 alkvnyi group, a C_-C6 alkoxy group, a CI-C6
alkylsulfanyl group, a C1-C6  alkylsulfanyl-C1-C6
alkyl group, a C2-C11 acylthio-C1-C6 alkyl  group, a
C2-1'7 acyloxy-C1-C6 alkyl group, or a C3-C7
cvcloa'kv- group. 15. A compound represented by the
general formula (I-, or a  pharmacologically
acceptable salt thereof: NH 2 3 R COOH (II)  wherein 



210  alkyl group, a C1-C6 alkyl halide group, a
hydroxy-C1-C6 alkyl  group, a sul_any_-C1-C6 alkyl
Group, a C'-CE alkoxv-'!-C'  alkyl group, a C2-C6
alkenyl group, a C2-C6 alkynyl group, a  C_-C6 alkoxy
group, a C1-C6 alkylsulfanyl group, a C'-C6
alkylsulianyl-C1-C6 alkyl group, a C2-C7
acyl--Lhic-(--I--(--6 alkyl  group, a C2-C7 acv
oxy-C-1 -C6 alkyl grouo, or a C.`. 7  cycloalkyl
group. 16. compound selected from the group consis-ing
of the  following: ()-f(1S,SIR, 6R)-6-(aminometh
vl)bicyclo[3.2.0]hep--3-en-6- yl]acetic acid;
(=)-[(1S,5R,6R)-6-aminomethv
1-3-methylbicvclo[3.2.0]hept-3- en-6-v=;acetic ac, d;
(-)-i(1S,5R,6R)-6-aminomethvl-3-e-hylbicyclo[3.2.0]hep
t-3-en- 6-yl]ace-_c acid;
(=)-[(1S,5R,6R)-6-aminomethyl-3-propvlbicvclo[3.2.0]he
pt-3- en-6-y=]ace-ic acid;
(1S,:-)-R,6R)-6-aminomethyl-3-butylbicyclo[3.2.0lhept-
3-en- 6-yl]ace-ic acid;
[(1R,5S,6S)-6-(aminomethvl)bicyclo[3.2.0]hept-3-en-6-
yl j acetic acid; [ (1S, 5R, 6R) -6- (aminomethvl)
bicyclo [3. 2. 0] hept-3-er_-6- yl]acetic acid; [ (1S,
5R, 6R) -6- (am' no_ne-hvl) bicyclo [3. 2 . 0_
hept-3-en-6- yljacetic acid hydrochloride; [(is, 5R,
6R) -6- (ami nome thyl) bicvclo (3 . 2 . 0 j
hept-3-en-6- yl]acetic acid benzenesulfonate; 211 -
[(1R,5S,6S)-6-aminomethvl-3-ethy-bicvclo[3.2.0]heot-3-
en-6- yl]acetic acid; 



[(IR,5S,6S}-6-aminomethyl-3-erhy'bicyclo[3.2.0jhen_-3-
en-6- yl]acetic acid p-toluenesulfonate; 1R,5S,6S)
-6-(am inomethyl)-3-ethylbicyclo[3.2.0]hept-3-en-6-
1lacetic acid benzenesulfonace; and 1S,5R,6R -6-am
inomethyl-3-echvlbicyclo[3.2.0]hept-3-e -6- yl]acetic
acid. 17. A pharmaceutical composition comprising a
compound or a  pharmacologically acceptable salt
thereof according to any  one of claims 1 to 16 as an
active ingredient. 18. The pharmaceutical composition
according to claim 17,  for area-wing and/or
preventing pain. 19. The pharmaceutical composition
according to claim for treating and/or preventing a
disease selected from the  group consisting of acute
pain, chronic pain, pain caused by  soft tissue or
peripheral n]ury, post-erne is neuralgia,  occipital
neuralgia, trigeminial neuralgia, myelomere or
intercostal neuralgia, central pain, neurooathilc
pain,  migraine, pain associated with osteoarthritis
or articular  rheumatism, pain associated with
contusion, sprain, or trauma,  spondylalgia, pain
caused by spinal cord or brain stem injury,  pain in
the lower back, sciatic neuralgia, toothache,
myofascial pain syndrome, epislotomy pain, gouty pain,
pain  caused by burn, cardiac pain, muscular pain,
ocular pain,  inflammatory pain, orofacial pain,
abdominal pain, pain  associated with dvsmeno_rhea,
labor pain, or endometrios_s,  somatalgia, pain
associated with nerve or radicuiar injury, - 212 - G _
pain associated with amputation, tic douloureux,
neuroma, or angiitis, pair_ caused by diabetic
neuropathy (or diabetic  peripheral neuropathic pain),
pain caused by chemotherapy- induced neuropathy,
atypical facial neuralgia, neuropathic  



pain in the lower back, trigeminal neuralgia,
occipital  neuralgia, myelomere or intercostal
neuralgia, neuralgia  associated with HIV, neuralgia
associated with AIDS,  hyperalgesia, burning pain,
sudden pain, pain caused by  chemotherapy, occipital
neuralgia, psychogenic pain, pain  associated with
galls-gone, neuropachic or non-neuropath_c  pain
associated with cancer, phantom limb pain, functional
abdominal pain, headache, acute or chronic tension
headache,  sinus headache, cluster' headache,
temooromandibular joint  pain, maxillary sinus pain,
pain caused by anKy osing  spondylarrhritis,
postoperative rain, scar Dain, chronic non_-
neuroroathic pain, fibromya1gia, amyotrophic lateral
sclerosis,  epilepsy (partial epilepsy, adult partial
seizure, and  partial seizure in epilepsy patients) ,
generalized anxiety  disorder, and restless legs
syndrome. 20. The pharmaceutical composition according
to claim 17,  for treating and/or preventing pain
caused by diabetic  neuropathy. 21. Use of a.compound
or a pharmacologically acceptable salt  thereof
according to any one of claims _ to =6 ror producing
a pharmaceutical composition. 22. The use according to
claim 21, wherein the  pharmaceutical composition is a
composition for treating  and/or preventing pair.. 213
23. The use according to claim 21, wherein the
pharmaceutical composition is a composition for
treating  and/or preventing pain caused by diabetic
r_europathy. 24. A method for treating and/or
preventing pain, comprising  administering a
pharmacologica-lv effective amount of a  compound or a
pharmacologically acceptable salt thereof  according
to any one of claims I to 16 to a mammal. 



23. The method according to claim 24, wherein the pain
is  pain caused by diabetic neuropathy. 26. The method
according to claim 24 or 25, wherein the  mammal is a
human. 27. A compound represented by the general
formula (77T)- 4a Rya NH,  R3a COON (III)  8a R2a 2a
Rla R8a'R  R wherein Zc 2c 22 a'c 5c ` R R R , R R R&
and R'-' are each independently  a hydrogen atom, a
halogen atom, or a C1-C6 alkyl group, or  2E Rand R`
together with the carbon atom to which they are  bound
fora. a C3-C71 cycloalky- group; and R3F is a hydrogen
atom, a halogen atom, a C1-C6 alkyl  group, a C1-C6
alkyl halide group, a hydroxy-C1-C6 alkyl  group, a
sulfanyl-Cl-C6 alkyl group, a C1, -C6 al- koxv-Cl --_6
alkyl group, a C2-C6 alkeny- group, a C2-C6 alkynv-
group, a - 214  C1-C6 alkoxy group, a C1-C6
alkvlsulfanyl group, a Cl-C6  alkylsulfanyl-Cl-C6
alkyl group, a C2-C7 acyl hic-Cl-C6 alkyl  group, a
C2-C7 acyloxy-C1-C6 alkyl group, or a C3-C7
cycloalkyl group. SEQUENCE LISTING  <110> DAIICHI
SANKYO COMPANY, LIMITED <120> BICYCLIC GAMMA AMINO
ACID DERIVATIVES  <130> DSPCT-FP0834 



<150> JP2007-255430  <151> 2007-09-28  <160> 7 <170>
Patentln version 3.4  <210> 1 <211> 42  <212> DNA
<213> Artificial <220>  <223> PCR sense primer for
human Cacna2dl front  <400> 1 agctgcggcc gctagcgcca
ccatggctgg ctgcctgctg gc 42  <210> 2 <211> 27  <212>
DNA  <213> Artificial <220>  <223> PCR antisense
primer for human cacna2dl front  <400> 2 attaggatcg
attgcaaagt aataccc 27  <210> 3 <211> 26  <212> DNA
<213> Artificial <220>  <223> PCR sense primer for
human Cacna2dl rear  <400> 3 aatgggtatt actttgcaat
cgatcc 26  <210> 4 <211> 32  <212> DNA  <213>
Artificial 



<220>  <223> PCR antisense Primer for human Cacna2dl
rear  <400> 4 agtcggatcc tcataacagc cggtgtgtgc tg 32
<210> 5 <211> 98  <212> DNA  <213> Artificial Page 1
<220>  <223> multi cloning site of vector pBluescript
2  <400> 5 ccaccgcggt ggcggccgct ctagaactag tggatccccc
gggctgcagg aattcgatat 60  caagcttatc gataccgtcg
acctcgaggg ggggcccg 98  <210> 6 <211> 1573  <212> DNA
<213> Homo sapiens  <400> 6 ggcggccgct agcgccacca
tggctgctgg ctgcctgctg gccttgactc tgacactttt 60
ccaatctttg ctcatcggcc cctcgtcgga ggagccgttc ccttcggccg
tcactatcaa 120  atcatgggtg gataagatgc aagaagacct
tgtcacactg gcaaaaacag caagtggagt 180  caatcagctt
gttgatattt atgagaaata tcaagatttg tatactgtgg aaccaaataa
240  tgcacgccag ctggtaaaaa ttgcagccag ggatattgag
aaacttctga acaacagatc 300  taaagccctg gtgcgcctgg
cattggaagc ggagaaagtt caagcagctc accagtggag 360
agaagatttt gcaaacaatg aagttgtcta ctacaatgca aaggatgatc
tcgatcctga 420  gaaaaatgac agtgagccag gcagccagag
gataaaacct gttttcattg aagatgctaa 480  ttttggacga
caaatatctt atcagcacgc agcagtccat attcctactg acatctatga
540  gggctcaaca attgtgttaa atgaactcaa ctggacaagt
gccttagatg aagttttcaa 600  aaagaatcgc gaggaagacc
cttcattatt gtggcaggtt tttggcagtg ccactggcct 660
agctcgatat tatccagctt caccatgggt tgataatagt agaactccaa
ataagattga 720  cctttatgat gtacgcagaa gaccatggta
catccaagga gctgcatctc ctaaagacat 780  



gcttattctg gtggatgtga gtggaagtgt tagtggattg acacttaaac
tgatccaaac 840  atctgtctcc gaaatattag aaaccctctc
agatgatgat ttcgtgaatg tagcttcatt 900  taacaacaat
actcaggatg taagctgttt tcagcacctt gtccaagcaa atgtaagaaa
960  taaaaaagtg ttgaaagacg cggtgaataa tatcacagcc
aaaggaatta cagattataa 1020  gaagggcttt agttttgctt
ttgaacagct ggttaataat aatgtttcca gagcaaactg 1080
caataagatt attatactat tcacggatgg aggagaagag agagcccagg
agatatttaa 1140  caaatacaat aaagataaaa aagtacgtgt
attcacgttt tcagttggtc aacacaatta 1200  tgacagagga
cctattcagt ggatggcctg tgaaaacaaa ggttattatt atgaaattcc
1260  ttccattggt gcaataagaa tcaatactca ggaatatttg
gatgttttgg gaagaccaat 1320  ggttttagca ggagacaaag
ctaagcaagt ccaatggaca aatgtgtacc tggatgcatt 1380
ggaactggga cttgtcatta ctggaactct tccggtcttc aacataaccg
gccaatttga 1440  aaataagaca aacttaaaga accagctgat
tttggcagtg atgggagtag atgtgtcttt 1500  ggaagatatt
aaaagactga caccacattt tacactgtgc cccaatgggt attactttgc
1560  aatcgatcct aat 1573  Page 2 <210> 7  <211> 3301
<212> DNA <213> Homo sapiens  <400> 7 ggcggccgct
agcgccacca tggctgctgg ctgcctgctg gccttgactc tgacactttt
60  ccaatctttg ctcatcggcc cctcgtcgga ggagccgttc
ccttcggccg tcactatcaa 120  atcatgggtg gataagatgc
aagaagacct tgtcacactg gcaaaaacag caagtggagt 180
caatcagctt gttgatattt atgagaaata tcaagatttg tatactgtgg
aaccaaataa 240  tgcacgccag ctggtagaaa ttgcagccag
ggatattgag aaacttctga gcaacagatc 300  taaagccctg
gtgcgcctgg cattggaagc ggagaaagtt caagcagctc accagtggag
360  agaagatttt gcaaccaatg aagttgtcta ctacaatgca
aaggatgatc tcgatcctga 420  gaaaaatgac agtgagccag
gcagccagag gataaaacct gttttcattg aagatgctaa 480
ttttggacga caaatatctt atcagcacgc agcagtccat attcctactg
acatccagaa 540  gggctcaaca attgtgttaa atgaactcaa
ctggacaagt gccttagatg aagttttcaa 600  aaagaatcgc
gaggaagacc cttcattatt gtggcaggtt tttggcagtg ccactggcct
660  agctcgatat tatccagctt caccatgggt tgataatagt
agaactccaa acaagattga 720  



cctttatgat gtacgcagaa gaccatggta catccaagga gctgcatctc
ctaaagacat 780  gcttattctg gtggatgtga gtggaagtgt
tagtggattg acacttaaac tgatccgaac 840  atctgtctcc
gaaatgttag aaaccctctc agatgatgat ttcgtgaatg tagcttcatt
900  taacagcaat gctcaggatg taagctgttt tcagcacctt
gtccaagcaa atgtaagaaa 960  taaaaaagtg ttgaaagacg
cggtgaataa tatcacagcc aaaggaatta cagattataa 1020
gaagggcttt agttttgctt ttgaacagct gcttaattat aatgtttcca
gagcaaactg 1080  caataagatt attatgctat tcacggatgg
aggagaagag agagcccagg agatatttaa 1140  caaatacaat
aaagataaaa aagtacgtgt attcacgttt tcagttggtc aacacaatta
1200  tgacagagga cctattcagt ggatggcctg tgaaaacaaa
ggttattatt atgaaattcc 1260  ttccattggt gcaataagaa
tcaatactca ggaatatttg gatgttttgg gaagaccaat 1320
ggttttagca ggagacaaag ctaagcaagt ccaatggaca aatgtgtacc
tggatgcatt 1380  ggaactggga cttgtcatta ctagaactct
tccggtcttc aacataaccg gccaatttga 1440  aaataagaca
aacttaaaga accagcggat tcttggtgtg atgggagtag atgtgtcttt
1500  ggaagatatt aaaagactga caccacgttt tacactgtgc
cccaatgggt attactttgc 1560  aatcgatcct aatggttatg
ttttattaca tccaaatctt cagccaaaga accccaaatc 1620
tcaggagcca gtaacattgg atttccttga tgcagagtta gagaatgata
ttaaagtgga 1680  gattcgaaat aagatgattg atggggaaag
tggagaaaaa acattcagaa ctctggttaa 1740  atctcaagat
gagaaagata ttgacaaagg aaacaggaca tacacatgga cacctgtcaa
1800  Page 3 tggcacagat tacaatttgg ccttggtatt
accaaccaac agtttttact atataaaagc 1860  caaactagaa
gagacaataa ctcaggccag atcaaaaaag ggcaaaatga aggattcgga
1920  aaccctgaag ccagataatt ttgaagaatc tggctataca
ttcatagcac caagagatta 1980  ctgcaatgac ctgaaaatat
cggataataa cactgaattt cttttaaatt tcaacgagtt 2040
tattgataga aaaactccaa acaacccatc atgtaacgcg gatttgatta
atagagtctt 2100  gcttgatgca ggctttacaa atgaacttgt
ccaaaattac tggagtaagc agaaaaatat 2160  caagggagtg
aaagcacgat ttgttgtgac tgatggtggg attaccagag tttatcccaa
2220  agaggctgga gaaaattggc aagaaaaccc agagacatat
gaggacagct tctataaaag 2280  gagcctaaat aatgataact
atgttttcac tgctccctac tttaacaaaa gtggacctgg 2340
tggctatgaa tcgggcatta tggtaagcaa agctgtagaa atatatattc
aagggaaact 2400  tcttaaacct gcagttgttg gaattaaaat
tgatgtaaat tcctggatag agaatttcac 2460  caaaacctca
atcagagatc cgtgtgctgg tccagtttgt gactgcaaaa gaaacagtga
2520  cgtaatggat tgtgtgattc tggatgatgg tgggtttctt
ctgatggcaa atcatgatga 2580  



ttatactaat cagattggaa gattttttgg agagattgat cccagcttga
tgagacacct 2640  ggttaatata tcagtttatg cttttaacaa
atcttatgat tatcagtcag tatgtgagcc 2700  cggtgctgca
ccaaaacaag gagcaggaca tcgctcagca tatgtgccat cagtagcaga
2760  catattacaa attggctggt gggccactgc tgctgcctgg
tctattctac agcagtttct 2820  cttgagtttg acctttccac
gactccttga ggcagttgag atggaggatg atgacttcac 2880
ggcctccctg tccaagcaoa gctgcattac tgaacaaacc cagtatttct
tcgataacga 2940  cagtaaatca ttcagtggtg tattagactg
tggaaactgt tccagaatct ttcatggaga 3000  aaagcttatg
aacaccaact taatattcat aatggttgag agcaaaggga catgtccatg
3060  tgacacacga ctgctcatac aagcggagca gacttctgac
ggtccaaatc cttgtgacat 3120  ggttaagcaa cccagatacc
gaaaagggcc tgatgtctgc tttgataaca atgtcttgga 3180
ggataatact gactgtggtg gtgtttctgg attaaatccc tccctgtggt
atatcattgg 3240  aatccagttt ctactacttt ggctggtatc
tggcagcaca caccggctgt tagaaggatc 3300  c 3301  Page 4 














